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Description
RELATED APPLICATIONS

[0001] This application claims priority to, and the benefit of, U.S. Patent Application No. 13/557,655, filed July 25,
2012, the contents of which are incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The invention provides compositions and methods for producing purified oligosaccharides, in particular certain
fucosylated oligosaccharides that are typically found in human milk.

BACKGROUND OF THE INVENTION

[0003] Human milk contains a diverse and abundant set of neutral and acidic oligosaccharides. More than 130 different
complex oligosaccharides have been identified in human milk, and their structural diversity and abundance is unique to
humans. Although these molecules may not be utilized directly by infants for nutrition, they nevertheless serve critical
roles in the establishment of a healthy gut microbiome, in the prevention of disease, and in immune function. Prior to
the invention described herein, the ability to produce human milk oligosaccharides (HMOS) inexpensively was problem-
atic. For example, their production through chemical synthesis was limited by stereo-specificity issues, precursor avail-
ability, product impurities, and high overall cost. As such, there is a pressing need for new strategies to inexpensively
manufacture large quantities of HMOS.

SUMMARY OF THE INVENTION

[0004] The invention features an efficient and economical method for producing fucosylated oligosaccharides. Such
production of a fucosylated oligosaccharide is accomplished using an isolated nucleic acid comprising a sequence
encoding a lactose-utilizing o (1,2) fucosyltransferase gene product (e.g., polypeptide or protein), which is operably
linked to one or more heterologous control sequences that direct the production of the recombinant fucosyltransferase
gene product in a bacterium such as Escherichia coli (E. coli). In one example, the bacterium is an enteric bacterium.
The amino acid sequence of the lactose-accepting o (1,2) fucosyltransferase gene product is preferably at least 10%
and less than 40% identical to FutC (SEQ ID NO:2).

[0005] Also within the invention is a nucleic acid construct comprising an isolated nucleic acid encoding a lactose-
accepting a (1,2) fucosyltransferase enzyme, said nucleic acid being operably linked to one or more heterologous control
sequences that direct the production of the enzyme in a host bacteria production strain, wherein the amino acid sequence
of the gene product (enzyme) encoded by the nucleic acid comprises about 70% identity to SEQ ID NO:2. For example,
the construct comprises SEQ ID NO: 7, which encodes a FutL protein. By "heterologous" is meant that the control
sequence and protein-encoding sequence originate from different bacterial strains. A suitable production host bacterial
strain is one that is not the same bacterial strain as the source bacterial strain from which the fucosyltransferase-encoding
nucleic acid sequence was identified.

[0006] A method for producing a fucosylated oligosaccharide, e.g., an HMOS, in a bacterium is carried out by providing
a bacterium such as a production host strain, Escherichia coli (E. coli), that is characterized by a reduced level of -
galactosidase activity, a defective colonic acid synthesis pathway, a mutation in an ATP-dependent intracellular protease,
a mutation in a lacA gene and an exogenous o (1,2) fucosyltransferase gene. Preferably, a mutation in a thyA gene in
the host bacterium allows for the maintenance of plasmids that carry thyA as a selectable marker gene. Exemplary
alternative selectable markers include antibiotic resistance genes such as BLA (beta-lactamase), or proBA genes (to
complement a proAB host strain proline auxotropy) or purC (to complement a purC host strain adenine auxotrophy).
The bacterium comprising these characteristics is cultured in the presence of lactose, and a fucosylated oligosaccharide
is retrieved from the bacterium or from a culture supernatant of the bacterium. In some cases, the method further
comprises culturing the bacterium in the presence of tryptophan and in the absence of thymidine. In preferred embod-
iments, the production host strain comprises E. coli K12. Other production host organisms are listed below.

[0007] The invention provides a purified fucosylated oligosaccharide produced by the methods described herein. The
fucosylated oligosaccharide is purified for use in therapeutic or nutritional products, or the bacterium is used directly in
such products. The fucosylated oligosaccharide produced by the engineered bacterium is 2’-fucosyllactose (2’-FL) or
lactodifucotetraose (LDFT). The new alpha 1,2-fucosyltransferases are also useful to synthesize HMOS of larger mo-
lecular weight bearing alpha 1,2 fucose moieties, e.g., lacto-N-fucopentaose (LNF 1) and lacto-N-difucohexaose (LDFH I).
[0008] The bacterium used to produce the oligosaccharides is genetically engineered to comprise an increased intra-
cellular guanosine diphosphate (GDP)-fucose pool (compared to wild type), an increased intracellular lactose pool



10

15

20

25

30

35

40

45

50

55

EP 3 587 567 A1

(compared to wild type), and to comprise fucosyltransferase activity. Accordingly, an endogenous /acZ gene and an
endogenous lacl gene of the E. coli are deleted or functionally inactivated to reduce the level of B-galactosidase activity.
The bacterium may also comprise a mutation in the /acA gene. The isolated E. coli bacterium also comprises a laclq
gene promoter immediately upstream of a lacY gene. In some cases, the isolated E. colibacterium comprises a defective
colonic acid synthesis pathway due to an endogenous wcadJ gene of the E. coli being deleted or functionally inactivated.
The bacterium comprises a mutation in an adenosine-5-triphosphate (ATP)-dependant intracellular protease. For ex-
ample, the bacterium comprises a null mutation in a lon gene. The bacterium also comprises a mutation in a thyA gene.
Preferably, the bacterium accumulates an increased intracellular lactose pool and an increased intracellular GDP-fucose
pool. In one aspect, the E. coli bacterium comprises the genotype AampC::PtrpBcl, A(lacl-lacZ)::FRT, P|ac|q/acY+, Aw-
caJ::FRT, thyA::Tn10, Alon:(npt3, lacZ*), AlacA.

[0009] The bacterium possesses fucosyl transferase activity. For example, the bacterium comprises an exogenous a
(1,2) fucosyltransferase gene. Preferably, the exogenous a (1,2) fucosyltransferase gene comprises at least 10% ho-
mology/identity and less than 40% at the amino acid level to Helicobacter pylori 26695 alpha-(1,2) fucosyltransferase
(futC), e.g., atleast 15%, at least 20%, at least 25%, at least 30% identity. In other examples, the sequences are at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95% homology/identity to Helicobacter pylori 26695 alpha-(1,2) fucosyltransferase (futC). In one example, FutL is
70% identical to FutC at the amino acid level.

[0010] The term "% identity," in the context of two or more nucleic acid or polypeptide sequences, refer to two or more
sequences or subsequences that are the same or have a specified percentage of amino acid residues or nucleotides
that are the same, when compared and aligned for maximum correspondence, as measured using one of the following
sequence comparison algorithms or by visual inspection. For example, % identity is relative to the entire length of the
coding regions of the sequences being compared.

[0011] For sequence comparison, typically one sequence acts as a reference sequence, to which test sequences are
compared. When using a sequence comparison algorithm, test and reference sequences are input into a computer,
subsequence coordinates are designated, if necessary, and sequence algorithm program parameters are designated.
The sequence comparison algorithm then calculates the percent sequence identity for the test sequence(s) relative to
the reference sequence, based on the designated program parameters.

[0012] Percentidentity is determined using search algorithms such as BLAST and PSI-BLAST (Altschul et al., 1990,
J Mol Biol 215:3, 403-410; Altschul et al., 1997, Nucleic Acids Res 25:17, 3389-402). For the PSI-BLAST search, the
following exemplary parameters are employed: (1) Expect threshold was 10; (2) Gap cost was Existence: 11 and Ex-
tension:1; (3) The Matrix employed was BLOSUMG62; (4) The filter for low complexity regions was "on". The bacterium
expresses a fucosyltransferase gene product encoded by a sequence that is not identical to futC.

[0013] Exemplary a (1,2) fucosyltransferase genes include Escherichia coli 0126 wbgL, Helicobacter mustelae 12198
(ATCC 43772) alpha-1,2-fucosyltransferase (futL), and Bacteroides vulgatus ATCC 8482 glycosyl transferase family
protein (futN). An exogenous a (1,2) fucosyltransferase gene is selected from the group consisting of Escherichia coli
0126 wbgL, Helicobacter mustelae 12198 (ATCC 43772) alpha-1,2-fucosyltransferase (futL), Bacteroides vulgatus ATCC
8482 glycosyl transferase family protein (futN), Bacteroides fragilis (NCTC) 9343 fucosyl transferase (bft3lwcfB), Es-
cherichia coli O55:H7 (str. CB9615) fucosyltransferase (wbgN), Helicobacter bilis ATCC 437879 futD, Vibrio cholera
022 wblA, Bacteroides fragilis (NCTC) 9343 alpha-1,2-fucosyltransferase (bft1),

[0014] Bacteroides ovatus ATCC 8483 futO, and Helicobacter cinaedi CCUG 18818 alpha-1,2-fucosyltransferase
(futk).

[0015] The invention also features a vector, e.g., a vector containing a nucleic acid. The vector can further include
one or more regulatory elements, e.g., a heterologous promoter. The regulatory elements can be operably linked to a
gene encoding a protein, a gene construct encoding a fusion protein gene, or a series of genes linked in an operon in
order to express the fusion protein. In yet another aspect, the invention comprises an isolated recombinant cell, e.g., a
bacterial cell containing an aforementioned nucleic acid molecule or vector. The nucleic acid is optionally integrated into
the genome.

[0016] Also provided is a nucleic acid construct comprising at least one of a promoter of bacteriophage A, an E. coli
rcsA gene, a blagene, and a native thyA gene. As an example of such a construct, the plasmid map of pG171 in Figure 5.
[0017] The sequence of pG171 is set forth below with annotations from GenBank regarding specific features (SEQ
ID NO: 1):
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1 TCGCGCGTTT CGGTGATGAC GGTGAAAACC TCTGACACAT GCAGCTCCCG GAGACGGTCA

61 CAGCTTGTCT GTAAGCGGAT GCCGGGAGCA GACAAGCCCG TCAGGGCGCG TCAGCGGGIG

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

TTGGCGGGIG
ACCATATATG
CCTCCTCAAC
GATTGGTTAC
TACCGGTGCC
CGCGGGTGTIG
AGGAACCATG
AAACGACCGT
GCAAGATGGA
ACTGCTGTIGG
CATCTGGGAC
GCGCGCCTGG
GCTGAAAAAC
GGATAAAATG
ACTCTCTITGC

TCGGGGCTIGG
CGGTGTIGAAA
CTGTATATIC
GGCGCGTTTIC
TGGGTGCAGT
ATCATGATGG
AAACAGTATT
ACCGGAACCG
TTCCCGCIGG
TTTCTGCAGG
GAATGGGCCG
CCAACGCCAG
GACCCGGATT
GCGCTGGCAC
CAGCTTTATC

CTTAACTATG
TACCGCACAG
GTAAACCACG
GCATCATTIGT
ACATCAGCAT
TCTIGGGCATA
TAGAACTGAT
GAACGCTTIC
TGACAACTAA
GCGACACTAA
ATGAAAACGG
ATGGTCGTICA
CGCGCCGCAT
CGTGCCATGC
AGCGCTICCIG

CGGCATCAGA
ATGCGTAAGG
CCCAATGGGA
TGAGTTITTIC
GGGGCAAATT
TCGTCGCAGC
GCAAAAAGTG
CATTTTTIGGT
ACGTTGCCAC
CATTIGCTTAT
CGACCTCGGG
TATTGACCAG
TATTGTTTICA
ATTCTTCCAG
TGACGICTTIC

GCAGATTIGTA
AGAAANTACC
GCTGICICAG
CGCCAGCCCG
CTTICCATCC
CCACAGCAAC
CTCGACGAAG
CATCAGATGC
CTIGCGTTCCA
CTACACGAAA
CCAGTGTATG
ATCACTACGG
GCGTGGAACG
TTCTATGTIGG
CTCGGCCTIGC

CTGAGAGTGC
GCATCAGGCG
GTTTGTTICCT
ACGCGCAGTT
CGATGATTIGT
ACGTTTCCTG
GCACACAGAA
GTTTTAACCT
TCATCCATGA
ACAATGTCAC
GTAAACAGTG
TACTGAACCA
TAGGCGAACT
CAGACGGCAA
CGTTCAACAT

1021 TGCCAGCTAC GCGTITATTGG TGCATATGAT GGCGCAGCAG TGCGATCTIGG AAGTIGGGTIGA
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1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481

TTTTGTCTIGG
GCAATTAAGC
CATCTTCGAC
TAAAGCGCCG
CGGTTTTTIT
TCAGGCTIGCG
TGGCGAAAGG
CACGACGTIG
CGGTATCTTIT
GTCAGAATGT
ACGACATGGT
TGCGATGAAA
CCTGCCATCC
TTTAAAAACG
GATTCCGGTT
TCAAAATGAA
ATGATGAGCT
AACACCACIG
TCGTTGATTIT
GTGTAACTAC
GATAATTCCC
TGCGCCACTC
CCTGGAATTG
TTTCGCTIGCA
GCACGTCATC
TTTAattcaa
CCTCAAAATG
GCCAGTGTTT
AGCTATAAGT
AATACGCCTIC
GATTTTGCGT
TTGCCATATA
CATAATCCCC
GCTTGCACTG
GTAGAGTGAA
AATAGCCAAA
CGATTTCTIG
GGAGGTGTIG
GGAAAAGTTC
CAGGCGTATT
CAAGCCCICC

ACCGGTGGCG
CGCGAACCGC
TACCGTTITCG
GTGGCTAICT
ACCCTCCGTT
CAACTIGTTIGG
GGGATGTGCT
TAAAACGACG
GTGGAGAAAG
GTTAGCGCAT
AGATAACCTG
CGGTICTTIGGC
ACATTCGCAA
AGGTTATICGT
TAATCGATTT
CATTGGCAAT
TGATACGCTIG
AAGGGCGCTIG
CICITITTITIT
ATAAATCCAT
CTTACCTGAA
TCGCGATTTIT
TCITAAAGTA
GGAGTATCCT
TGACGTIGCCT
atcttcttca
GGATTICTATT
GGGGCCAATA
GCTATTAGCG
TICTICTITTIA
GAATTCTAAG
CTCAAGCGCC
TCTTCTTATA
ATATICTICC
GGTTIGCTTIG
AAAATAAGTC
ACTCACCCTA
CATTTITAGCT
TAATTGCATT
AGAGIGTITTIT
GCAAATTTIGC

EP 3 587 567 A1

ACACGCATCT
GICCGCTGCC
AAGACTTITGA
AATTACGAAA
AAATTICTITCG
GAAGGGCGAT
GCAAGGCGAT
GCCAGTIGCCA
CAGAGTAATC
GTTGACAAAA
TTTATTATGC
TTTGATATTIC
CATACTCGAT
TGICTICTTITT
AGAACTGATC
TGCCATAARAA
ACIGTITAGAA
TGAATCACAA
AACCCCICTA
AATAATCGTT
TATTTCATCA
TCAGGCGGAC
AAGTAAATGT
GGAAGATGTT
TTTITTATTIG
gaaatcaatt
TTCACCCACT
ATGATTTTTT
ATAATGCCAT
TCCCTAGTGG
TCTTCGCAAA
TTTTTTIGAT
TGCACAAACA
TCTTTTTTAT
ATTARAGGGG
AAGCGGCTIG
TCAAATCCCA
ATAGCGATTT
TTCCTATCGC
TGCARACTTIT
ACCACCTTAA

14

GTACAGCAAC
GAAGTTGATT
GATTGAAGGC
CATCCTIGCCA
AGACGCCTIC
CGGTGCGGGC
TAAGTTIGGGT
AGCTTICTIT
TTATTCAGCC
ATACCATTAG
GTTTTGATICT
ATTTGGICAG
TCGGTTCGGC
TTICAGAATAT
AATAAATTIT
ACGATAAATA
GCATCGTGGA
GCTATGGCAA
CTCAACAGAT
GACATGGCAT
TGACTAAACG
TTACTATCCC
TGCGATATGT
CGTAGaagct
TACTACCCIG
tttgttcAGC
CCTTACAARAG
CIGGATTITIC
GCTGACAAGA
TCATGTCCAT
ACACAAAANG
AGTCAATACC
CGCTGTTTTT
TATTATICTIT
ATATAGCATIC
GCTTTAGCAA
TGCATTTGAG
CTTTICGCGCT
TCCAATCAAA
TAGCGAAAGC
AAGCCATATIG

CATATGGATC
ATCAAACGTA
TACGATCCGC
GAGCCGACGC
CCGAAGGCGC
CTICTTCGCTA
AACGCCAGGG
ARTGAAGCAG
TGACTGGTIGG
TCACATTATC
TACGTTTAAT
AGATTTGAAT
TCAATGATAA
CGCCAAGGAT
TTCTIGACCAA
ACGTATIGGG
TGAAACAGTIC
GGICATCAAC
ACCCGGTTAA
ACCCTCACTC
GAACAACATG
GTAAAGTGTIT
GAGTGAGCTIT
tACTGCTCAC
TACGATTACT
GTTATACTTIT
GATATTICTICA
TATCAAATAG
TTGCATGAGC
AARMAGGGTAG
CTCCATGTTIT
AAGCTGACAG
AGCGGCTAAA
ATTATTTICG
ARAGTATCGT
TTTAGGCTICG
CGCGTCTICTT
CGCATAGGGC
AGAAGTGATA
GTATTGAAAC

tatatctcct

AAACTCATCT
AACCCGAATC
ATCCGGGCAT
CAGTGTIGCGT
CATTCGCCAT
TTACGCCAGC
TTTTCCCAGT
GGCATCAGGA
GAAACCACCA
CGTCAGTCGG
ATTACCTTTA
GGTTCCCTGA
CGTCGGCATA
ATCGTICGAGA
TAGATATICA
ATGTTGATTA
CTCATTAATA
GGTTTCAATG
ACCTAGICGG
AATGCGTAAC
GGTICACCTAA
GTATAATTTIG
AAAACAAATA
AAGAAAARAAG
GCAGCTCGAG
TGGGATTTTA
TGCCCAAARAA
GCCGCCCACC
AGCATGTCCC
CCAAGATCAA
GGCACGCGCT
CCAATCCCCA
ATCAAAGAAA
GGLGGLGGLG
GGATCTTGGA
TATTCAAAAA
ACTAGCTIGG
ARATCAATAG
TCTAACAGCA
ATTTGATICC

tcttgaaTTIC
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3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941

TAAAAATTGA
GCCCTTTITIC
ACTCGGGAAG
AATCTTTCGG
GAGCCTGTTIT
TGTCAGTTAG
GGCACATTGG
ACCCCAAAGC
ACCTTCATGG
TGTCAACACC
AATTTATTIT
ATCGGCCAAC
ACTGACTCGC
GTAATACGGT
CAGCAAAAGG
CCCCCTGACG
CTATAAAGAT
CTGCCGCTITIA
AGCTCACGCT
CACGAACCCC
AACCCGGTAA
GCGAGGTIATG
AGAAGGACAG
GGTAGCICTIT
CAGCAGATTIA
TCTGACGCTC
AGGATCTTICA
TATGAGTAAA
ATCTGICTIAT
CGGGAGGGCT
GCTCCAGATT
GCAACTTTAT
TCGCCAGTTA
TCGTCGTTTIG
TCCCCCATGT
AAGTTGGCCG
ATGCCATCCG
TAGTGTATGC
CATAGCAGAA
AGGATCTTAC
TCAGCATCTT

TTGAATGTAT
AGGGCTGGAA
GGCTTTACCT
AACTGGTTTIT
CTCTGCGCGA
CTITTGGTGGT
CAGCTAATICC
CTTICTGCTIT
TGGTCAGTGC
GCCAGAGATA
TTGCAGGGGG
GCGCGGGGAG
TGCGCTCGGT
TATCCACAGA
CCAGGAACCG
AGCATCACALA
ACCAGGCGTT
CCGGATACCT
GTAGGTAICT
CCGTTICAGCC
GACACGACTT
TAGGCGGTIGC
TATTTGGTAT
GATCCGGCAA
CGCGCAGAAA
AGTGGAACGA
CCTAGATCCT
CTIGGTICTGA
TTCGTTICATC
TACCATCTIGG
TATCAGCAAT
CCGCCTCCAT
ATAGTTTIGCG
GTATGGCTIC
TGTGCAAAAA
CAGTGTTATC
TAAGATGCTT
GGCGACCGAG
CTTTAAAAGT
CGCTGTTIGAG
TTACTTTCAC

EP 3 587 567 A1

GCAAATAAAT
TGTGTAAGAG
CTTCCGCATA
GCGCTTACCC
CGTTCGCGGC
GTGTGGCAGT
GGAATCGCAC
GAATGCTGCC
GICCTGCTGA
ATTTATCACC
GCATTIGTITTIG
AGGCGGTTTIG
CGTTCGGCTG
ATCAGGGGAT
TAARARAGGCC
AAATCGACGC
TCCCCCTIGGA
GTCCGCCTTIT
CAGTTICGGTG
CGACCGCTGC
ATCGCCACTIG
TACAGAGTTIC
CTIGCGCICIG
ACAAACCACC
AAAAGGATCT
AAACTCACGT
TITTAAATTAR
CAGTTACCAA
CATAGTIGCC
CCCCAGTIGCT
AAACCAGCCA
CCAGTCTATT
CAACGTIGTT
ATTCAGCTCC
AGCGGTTAGC
ACTCATGGTT
TICTGTIGACT
TIGCTCTTGC
GCTCATCATT
ATCCAGTTICG
CAGCGTTICT

15

GCATACACCA
CGGGGTTATT
AACGCTTICCA
CAACCAACAG
GGCGTGTTTG
TGTAGICCTG
TTACGGCCAA
CTTCTTCAGG
TGTGCTCAGT
GCAGATGGTT
GTAGGTGAGA
CGTATTGGGC
CGGCGAGCGG
ARCGCAGGAA
GCGTTIGCTIGG
TCAAGTCAGA
AGCTCCCTCG
CTCCCTTICGG
TAGGTCGTIC
GCCTTATCCG
GCAGCAGCCA
TTGAAGTGGT
CTGAAGCCAG
GCTGGTAGCG
CAAGAAGATC
TAAGGGATTIT
ARATGAAGTT
TGCTTAATCA
TGACTICCCCG
GCAATGATAC
GCCGGAAGGG
AATTGTTGCC
GCCATTGCTA
GGTTCCCAAC
TCCTICGGTC
ATGGCAGCAC
GGTGAGTACT
CCGGCGTCAA
GGAAAACGTT
ATGTAACCCA
GGGTGAGCAA

TAGGTGTGGT
TATGCTGTIG
TCAGCGTTTIA
GGGATTTGCT
TGCATCCATC
ARCGAAAACC
TGCTTCGTITT
GCTTAATTTIT
ATCACCGCCA
ATCTGTATGT
GATCAATICT
GCTCTTCCGC
TATCAGCTICA
AGAACATGIG
CGITTTTICCA
GGTGGCGAAA
TGCGCTCTICC
GAAGCGTGGC
GCTCCAAGCT
GTAACTATCG
CTGGTAACAG
GGCCTAACTA
TTACCTTICGG
GIGGTTTTTIT
CTITTGATCTT
TGGTCATGAG
TTAAATCAAT
GTGAGGCACC
TCGTGTAGAT
CGCGAGACCC
CCGAGCGCAG
GGGAAGCTAG
CAGGCATCGT
GATCAAGGCG
CTCCGATCGT
TGCATAATIC
CAACCAAGTC
TACGGGATAA
CTICGGGGCG
CTCGTGCACC
AAACAGGAAG

TTAATTTGAT
TTTITTTIGIT
TAGTTAAAARA
GCTTTCCATT
TGGATTCTCC
CCCCGCGATT
CGTATCACAC
TAAGAGCGTC
GTGGTATTTA
TTTTTATATG
GCATTAATGA
TTCCTCGCTC
CTCAAAGGCG
AGCAAAAGGC
TAGGCTICCGC
CCCGACAGGA
TGTITCCGACC
GCTTTICTCAT
GGGCTIGTGTG
TCITGAGTCC
GATTAGCAGA
CGGCTACACT
AAAAAGAGTT
TGITTGCAAG
TTCTACGGGG
ATTATCAAAA
CTAAAGTATA
TATCTCAGCG
AACTACGATA
ACGCTCACCG
AAGTGGTCCT
AGTAAGTAGT
GGTGTCACGC
AGTTACATGA
TGTCAGAAGT
TCTTACTGTC
ATTCTGAGAA
TACCGCGCCA
ARAACTCTCA
CAACTGATCT
GCAAAATGCC
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6001 GCAAAAAAGG GAATAAGGGC GACACGGAAA TGTTGARATAC TCATACTCTT CCTITTTICAA
6061 TATTATTGAA GCATTTATCA GGGTTATTIGT CTCATGAGCG GATACATATT TGAATGTATT
6121 TAGAARAAATA AACAAATAGG GGTTCCGCGC ACATTTICCCC GAARRAGTGCC ACCTGACGTC
6181 TAAGAAACCA TTATTATCAT GACATTAACC TATAARAATA GGCGTATCAC GAGGCCCTTIT
6241 CGTC (SEQ ID NO:1; plasmid G171)

[0018] The nucleic acid construct further comprises an o (1,2) fucosyltransferase gene comprising, e.g., at least 10%
and less than 40% identity at the amino acid level to Helicobacter pylori 26695 alpha-(1,2) fucosyltransferase (futC). For
example, the exogenous a (1,2) fucosyltransferase gene is selected from the group consisting of Helicobacter pylori
26695 alpha-(1,2) fucosyltransferase (futC), Vibrio cholera 022 wblA, Escherichia coli 0126 wbgL, Helicobacter bilis
ATCC 437879 futD, Helicobacter cinaedi CCUG 18818 alpha-1,2-fucosyltransferase (futkE), Helicobacter mustelae 12198
(ATCC 43772) alpha-1,2-fucosyltransferase (futL), Bacteroides vulgatus ATCC 8482 glycosyl transferase family protein
(futN), Bacteroides ovatus ATCC 8483 futO, Escherichia coli O55:H7 (str. CB9615) fucosyltransferase (wbgN), Bacter-
oides fragilis (NCTC) 9343 alpha-1,2-fucosyltransferase (bft1), and Bacteroides fragilis (NCTC) 9343 fucosyl transferase
(bft3/wcfB). The depiction of pG171 bears the alpha 1,2 FT genefutC to serve as an example.

[0019] Also within the invention is an isolated E. coli bacterium as described above and characterized as comprising
a reduced level of B-galactosidase activity, a defective colonic acid synthesis pathway, a mutation in the /acA gene, a
mutation in an ATP-dependantintracellular protease, and a mutation in a thyA gene. The invention also provides methods
of identifying an o (1,2) fucosyltransferase gene capable of synthesizing 2’-fucosyllactose (2'-FL) in E. coli. The method
of identifying non-FutC lactose-utilizing, o(1,2)fucosyltransferase enzyme comprises the following steps:

1) performing a computational search of sequence databases to define a broad group of simple sequence homologs
of any known, lactose-utilizing o.(1,2)fucosyltransferase;

2) using the list from step (1), deriving a search profile containing common sequence and/or structural motifs shared
by the members of the list;

3) searching sequence databases, using a derived search profile based on the common sequence or structural
motif from step (2) as query, and identifying a candidate sequences, wherein a sequence homology to a reference
lactose-utilizing o(1,2)fucosyltransferase is 40% or less;

4) compiling a list of candidate organisms, said organisms being characterized as expressing o(1,2)fucosyl- glycans
in a naturally-occurring state;

5) selecting candidate sequences that are derived from candidate organisms to generate a list of candidate lactose-
utilizing enzymes;

6) expressing the candidate lactose- utilizing enzyme in a host organism; and

7) testing for lactose- utilizing a(1,2)fucosyltransferase activity, wherein detection of 2’-FL in said organism indicates
that the candidate sequence comprises a non-FutC lactose-utilizing o(1,2)fucosyltransferase. For example, the
sequence homology to a reference lactose- utilizing o(1,2)fucosyltransferase is 40% or less.

[0020] A purified fucosylated oligosaccharide produced by the methods described above is also within the invention.
The purified oligosaccharide (2'-FL) obtained at the end of the process is a white/slightly off-white, crystalline, sweet
powder. Unlike oligosaccharide production methods using FutC, the methods utilizing certain non-FutC enzymes (e.g.
FutL)donotpossess o (1,3) fucosyltransferase activity which leads to side reactions. Thelack of o (1,3) fucosyltransferase
activity associated with FutL contributes to its efficiency in producing 2’'FL and is an advantage compared to FutC. FutL
does not possess alpha 1,3 fucosyltransferase activity. For example, an engineered E.coli cell, E.coli culture supernatant,
or E.coli cell lysate according to the invention comprises recombinant 2’-FL and does not substantially comprise a 1,3
fucosylated lactose prior to purification of 2’-FL from the cell, culture supernatant, or lysate. Both FutN and WbgL appear
to have alpha 1,3 fucosyltransferase activity (similar to FutC). However as a general matter, the fucosylated oligosac-
charide produced by the methods contains a negligible amount of 3-FL in a 2’-FL-containing cell, cell lysate or culture,
or supernatant, e.g., less than 1% of the level of 2’-FL or 0.5% of the level of 2-FL.

[0021] A purified oligosaccharide, e.g., 2’-FL or LDFT, is one that is at least 90%, 95%, 98%, 99%, or 100% (w/w) of
the desired oligosaccharide by weight. Purity is assessed by any known method, e.g., thin layer chromatography or
other chromatographic techniques known in the art. The invention includes a method of purifying a fucosylated oligosac-
charide produced by the genetically engineered bacterium described above, which method comprises separating the
desired fucosylated oligosaccharide (e.g., 2'-FL) from contaminants in a bacterial cell lysate or bacterial cell culture
supernatant of the bacterium.

[0022] The oligosaccharides are purified and used in a number of products for consumption by humans as well as
animals, such as companion animals (dogs, cats) as well as livestock (bovine, equine, ovine, caprine, or porcine animals,
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as well as poultry). For example, a pharmaceutical composition comprises purified 2’-FL and a pharmaceutically-ac-
ceptable excipient that is suitable for oral administration. Large quantities of 2'-FL are produced in bacterial hosts, e.g.,
an E. coli bacterium comprising an exogenous o (1,2) fucosyltransferase gene.

[0023] An E. coli bacterium comprising an enhanced cytoplasmic pool of lactose and GDP-fucose is useful in such
production systems. Endogenous E. coli metabolic pathways and genes are manipulated in ways that result in the
generation of increased cytoplasmic concentrations of lactose and/or GDP-fucose, as compared to levels found in wild
type E. coli. For example, the bacteria contain at least 10%, 20%, 50%, or 2X, 5X, 10X or more of the levels compared
to a corresponding wild type bacteria that lacks the genetic modifications described above.

[0024] A method of producing a pharmaceutical composition comprising a purified human milk oligosaccharide (HMOS)
is carried out by culturing the bacterium described above, purifying the HMOS produced by the bacterium, and combining
the HMOS with an excipient or carrier to yield a dietary supplement for oral administration. These compositions are
useful in methods of preventing or treating enteric and/or respiratory diseases in infants and adults. Accordingly, the
compositions are administered to a subject suffering from or at risk of developing such a disease.

[0025] The invention also provides methods for increasing the intracellular concentration of lactose in E. coli, for cells
grown in the presence of lactose, by using manipulations of endogenous E. coli genes involved in lactose import, export,
and catabolism. In particular, described herein are methods of increasing intracellular lactose levels in E. coli genetically
engineered to produce a human milk oligosaccharide by simultaneous deletion of the endogenous p-galactosidase gene
(lacZ) and the lactose operon repressor gene (lacl). During construction of this deletion, the laclq promoter is placed
immediately upstream of (contiguous with) the lactose permease gene, lacY, i.e., the sequence of the laclq promoter is
directly upstream and adjacent to the start of the sequence encoding the /acY gene, such that the /lacY gene is under
transcriptional regulation by the laclq promoter. The modified strain maintains its ability to transport lactose from the
culture medium (via LacY), but is deleted for the wild-type chromosomal copy of the /acZ (encoding -galactosidase)
gene responsible for lactose catabolism. Thus, an intracellular lactose pool is created when the modified strain is cultured
in the presence of exogenous lactose. Another method for increasing the intracellular concentration of lactose in E. coli
involves deletion of the /acA gene. The lacA mutation prevents the formation of intracellular acetyl-lactose, which not
only removes this molecule as a contaminant from subsequent purifications, but also eliminates E.coli’s ability to export
excess lactose from its cytoplasm (Danchin A. Cells need safety valves. Bioessays 2009, Jul;31(7):769-73.), thus greatly
facilitating purposeful manipulations of the E.coli intracellular lactose pool.

[0026] The invention also provides methods for increasing intracellular levels of GDP-fucose in Escherichia coli by
manipulating the organism’s endogenous colanic acid biosynthesis pathway. This increase is achieved through a number
of genetic modifications of endogenous E. coli genes involved either directly in colanic acid precursor biosynthesis, or
in overall control of the colanic acid synthetic regulon. In particular, described herein are methods ofincreasing intracellular
GDP-fucose levels in E. coli genetically engineered to produce a human milk oligosaccharide by deletion of the wcaJ
gene, encoding the UDP-glucose lipid carrier transferase. In a wcaJ null background, GDP-fucose accumulates in the
E. coli cytoplasm.

[0027] In one aspect, the human milk oligosaccharide produced by engineered bacteria comprising an exogenous
nucleic acid molecule encoding an a(1,2) fucosyltransferase is 2’- FL (2'-fucosyllactose). Preferably the o (1,2) fucosyl-
transferase utilized is any o (1,2) fucosyltransferase capable of using lactose as the sugar acceptor substrate for 2'-FL
synthesis. Preferably, the exogenous a (1,2) fucosyltransferase gene comprises at least 10% identity at the amino acid
level and less than about 40% to Helicobacter pylori 26695 alpha-(1,2) fucosyltransferase (FutC).

[0028] The invention also provides compositions comprising E. coli genetically engineered to produce the human milk
tetrasaccharide lactodifucotetraose (LDFT). The E. coli in this instance comprise an exogenous nucleic acid molecule
encoding an a (1,2) fucosyltransferase that also possesses a (1,3) fucosyltransferase activity.

[0029] The invention provides a method of treating, preventing, or reducing the risk of infection in a subject comprising
administering to said subject a composition comprising a purified recombinant human milk oligosaccharide, wherein the
HMOS binds to a pathogen and wherein the subject is infected with or at risk of infection with the pathogen. In one
aspect, the infection is caused by a Norwalk-like virus or Campylobacter jejuni. The subject is preferably a mammal in
need of such treatment. The mammal is, e.g., any mammal, e.g., a human, a primate, a mouse, a rat, a dog, a cat, a
cow, a horse, or a pig. In a preferred embodiment, the mammal is a human. For example, the compositions are formulated
into animal feed (e.g., pellets, kibble, mash) or animal food supplements for companion animals, e.g., dogs or cats, as
well as livestock or animals grown for food consumption, e.g., cattle, sheep, pigs, chickens, and goats. Preferably, the
purified HMOS is formulated into a powder (e.g., infant formula powder or adult nutritional supplement powder, each of
which is mixed with a liquid such as water or juice prior to consumption) or in the form of tablets, capsules or pastes or
is incorporated as a component in dairy products such as milk, cream, cheese, yogurt or kefir, or as a component in any
beverage, or combined in a preparation containing live microbial cultures intended to serve as probiotics, or in prebiotic
preparations to enhance the growth of beneficial microorganisms either in vitro or in vivo.

[0030] Polynucleotides, polypeptides, and oligosaccharides of the invention are purified and/or isolated. Purified de-
fines a degree of sterility that is safe for administration to a human subject, e.g., lacking infectious or toxic agents.
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Specifically, as used herein, an "isolated" or "purified" nucleic acid molecule, polynucleotide, polypeptide, protein or
oligosaccharide, is substantially free of other cellular material, or culture medium when produced by recombinant tech-
niques, or chemical precursors or other chemicals when chemically synthesized. For example, purified HMOS compo-
sitions are at least 60% by weight (dry weight) the compound of interest. Preferably, the preparation is at least 75%,
more preferably at least 90%, and most preferably at least 99%, by weight the compound of interest. Purity is measured
by any appropriate standard method, for example, by column chromatography, thin layer chromatography, or high-
performance liquid chromatography (HPLC) analysis. For example, a "purified protein" refers to a protein that has been
separated from other proteins, lipids, and nucleic acids with which it is naturally associated. Preferably, the protein
constitutes at least 10, 20, 50, 70, 80, 90, 95, 99-100% by dry weight of the purified preparation.

[0031] Similarly, by "substantially pure" is meant an oligosaccharide that has been separated from the components
that naturally accompany it. Typically, the oligosaccharide is substantially pure when it is at least 60%, 70%, 80%, 90%,
95%, or even 99%, by weight, free from the proteins and naturally-occurring organic molecules with which it is naturally
associated.

[0032] By "isolated nucleic acid" is meant a nucleic acid that is free of the genes which, in the naturally-occurring
genome of the organism from which the DNA of the invention is derived, flank the gene. The term covers, for example:
(a) a DNA which is part of a naturally occurring genomic DNA molecule, but is not flanked by both of the nucleic acid
sequences that flank that part of the molecule in the genome of the organism in which it naturally occurs; (b) a nucleic
acid incorporated into a vector or into the genomic DNA of a prokaryote or eukaryote in a manner, such that the resulting
molecule is not identical to any naturally occurring vector or genomic DNA; (c) a separate molecule such as a cDNA, a
genomic fragment, a fragment produced by polymerase chain reaction (PCR), or a restriction fragment; and (d) a re-
combinant nucleotide sequence that is part of a hybrid gene, i.e., a gene encoding a fusion protein. Isolated nucleic acid
molecules according to the present invention further include molecules produced synthetically, as well as any nucleic
acids that have been altered chemically and/or that have modified backbones.

[0033] A "heterologous promoter" is a promoter which is different from the promoter to which a gene or nucleic acid
sequence is operably linked in nature.

[0034] The term "overexpress" or "overexpression" refers to a situation in which more factor is expressed by a genet-
ically-altered cell than would be, under the same conditions, by a wild type cell. Similarly, if an unaltered cell does not
express a factor that it is genetically altered to produce, the term "express" (as distinguished from "overexpress") is used
indicating the wild type cell did not express the factor at all prior to genetic manipulation.

[0035] The terms "treating" and "treatment" as used herein refer to the administration of an agent or formulation to a
clinically symptomatic individual afflicted with an adverse condition, disorder, or disease, so as to effect a reduction in
severity and/or frequency of symptoms, eliminate the symptoms and/or their underlying cause, and/or facilitate improve-
ment or remediation of damage. The terms "preventing" and "prevention" refer to the administration of an agent or
composition to a clinically asymptomatic individual who is susceptible to a particular adverse condition, disorder, or
disease, and thus relates to the prevention of the occurrence of symptoms and/or their underlying cause.

[0036] By theterms "effective amount"”and "therapeutically effective amount" of a formulation or formulation component
is meant a nontoxic but sufficient amount of the formulation or component to provide the desired effect.

[0037] The transitional term "comprising," which is synonymous with "including," "containing," or "characterized by,"
is inclusive or open-ended and does not exclude additional, unrecited elements or method steps. By contrast, the
transitional phrase "consisting of" excludes any element, step, or ingredient not specified in the claim. The transitional
phrase "consisting essentially of" limits the scope of a claim to the specified materials or steps "and those that do not
materially affect the basic and novel characteristic(s)" of the claimed invention.

[0038] The hostorganism used to express the non-FutC lactose-accepting fucosyltransferase gene product s typically
the enterobacterium Escherichia coli K12 (E. coli). E. coli K-12 is not considered a human or animal pathogen nor is it
toxicogenic. E. coli K-12 is a standard production strain of bacteria and is noted for its safety due to its poor ability to
colonize the colon and establish infections (see, e.g., epa.gov/oppt/biotech/pubs/fra/fra004.htm). However, a variety of
bacterial species may be used in the oligosaccharide biosynthesis methods, e.g., Erwinia herbicola (Pantoea agglom-
erans), Citrobacter freundii, Pantoea citrea, Pectobacterium carotovorum, or Xanthomonas campestris. Bacteria of the
genus Bacillus may also be used, including Bacillus subtilis, Bacillus licheniformis, Bacillus coagulans, Bacillus ther-
mophilus, Bacillus laterosporus, Bacillus megaterium, Bacillus mycoides, Bacillus pumilus, Bacillus lentus, Bacillus
cereus, and Bacillus circulans. Similarly, bacteria of the genera Lactobacillus and Lactococcus may be modified using
the methods of this invention, including but not limited to Lactobacillus acidophilus, Lactobacillus salivarius, Lactobacillus
plantarum, Lactobacillus helveticus, Lactobacillus delbrueckii, Lactobacillus rhamnosus, Lactobacillus bulgaricus, Lacto-
bacillus crispatus, Lactobacillus gasseri, Lactobacillus casei, Lactobacillus reuteri, Lactobacillus jensenii, and Lactococ-
cus lactis. Streptococcus thermophiles and Proprionibacterium freudenreichii are also suitable bacterial species for the
invention described herein. Also included as part of this invention are strains, modified as described here, from the
genera Enterococcus (e.g., Enterococcus faecium and Enterococcus thermophiles), Bifidobacterium (e.g., Bifidobacte-
rium longum, Bifidobacterium infantis, and Bifidobacterium bifdum), Sporolactobacillus spp., Micromomospora spp.,
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Micrococcus spp., Rhodococcus spp., and Pseudomonas (e.g., Pseudomonas fluorescens and Pseudomonas aerugi-
nosa). Bacteria comprising the characteristics described herein are cultured in the presence of lactose, and a fucosylated
oligosaccharide is retrieved, either from the bacteriumitself or from a culture supernatant of the bacterium. The fucosylated
oligosaccharide is purified for use in therapeutic or nutritional products, or the bacteria are used directly in such products.
[0039] Other features and advantages of the invention will be apparent from the following description of the preferred
embodiments thereof, and from the claims. Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this invention belongs. Although
methods and materials similar or equivalent to those described herein can be used in the practice or testing of the present
invention, suitable methods and materials are described below. All published foreign patents and patent applications
cited herein are incorporated herein by reference. Genbank and NCBI submissions indicated by accession number cited
herein are incorporated herein by reference. All other published references, documents, manuscripts and scientific
literature cited herein are incorporated herein by reference. In the case of conflict, the present specification, including
definitions, will control. In addition, the materials, methods, and examples are illustrative only and not intended to be
limiting.

BRIEF DESCRIPTION OF THE DRAWINGS
[0040]

Figure 1 is a schematic illustration showing the synthetic pathway of the fucosyl oligosaccharides of human milk.
Se and Le indicate synthesis by fucosyltransferases of the secretor and Lewis genes, respectively. The abbreviated
biochemical name [with alternate biochemical structure in brackets] is given (histo-blood group antigen analog in
parentheses).

Figure 2 is a schematic demonstrating metabolic pathways and the changes introduced into them to engineer 2’-
fucosyllactose (2’-FL) synthesis in Escherichia coli (E. coli).

Figure 3 is a series of photographs showing thin layer chromatography analysis of 2’-FL produced in E. coli strains
by candidate a (1,2) fucosyltransferases. Figure 3A shows significant production of 2’-FL by WbgL. Figure 3B shows
significant production of 2°-FL by FutL. Figure 3C shows significant production of 2’-FL by FutN.

Figure 4 is a chart and a photograph of thin layer chromatography analysis showing that fucosidase digestion
confirms synthesis of bona fide 2’-FL by WbgL. Oligosaccharides produced by an E. coli strain expressing wbgL
were isolated and subjected to overnight digestion with different fucosidases. Reaction products were analyzed by
TLC. The production of fucose and lactose by treatment with a(1,2) fucosidase is illustrated in lane 2.

Figure 5 is a diagram of plasmid pG171.

Figure 6 is a diagram of a P, lacY* chromosomal construct.

Figure 7 is a diagram of the chromosomal deletion of wcad.

Figure 8 is a diagram of the kan, lacZ* insertion into the /on locus.

Figure 9 is a diagram of plasmid pG204.

Figure 10 is a diagram of plasmid pG216.

Figure 11 is a diagram of plasmid pG217.

DETAILED DESCRIPTION OF THE INVENTION

[0041] While some studies suggest that human milk glycans could be used as antimicrobial anti-adhesion agents, the
difficulty and expense of producing adequate quantities of these agents of a quality suitable for human consumption has
limited their full-scale testing and perceived utility. What has been needed is a suitable method for producing the appro-
priate glycans in sufficient quantities at reasonable cost. Prior to the invention described herein, there were attempts to
use several distinct synthetic approaches for glycan synthesis. Some chemical approaches can synthesize oligosac-
charides (Flowers, H. M. Methods Enzymol 50, 93-121 (1978); Seeberger, P. H. Chem Commun (Camb) 1115-1121
(2003)), but reactants for these methods are expensive and potentially toxic (Koeller, K. M. & Wong, C. H. Chem Rev
100, 4465-4494 (2000)). Enzymes expressed from engineered organisms (Albermann, C., Piepersberg, W. & Wehmeier,
U. F. Carbohydr Res 334, 97-103 (2001); Bettler, E., Samain, E., Chazalet, V., Bosso, C., et al. Glycoconj J 16, 205-212
(1999); Johnson, K. F. Glycoconj J 16, 141-146 (1999); Palcic, M. M. Curr Opin Biotechnol 10, 616-624 (1999); Wymer,
N. & Toone, E. J. Curr Opin Chem Biol 4, 110-119 (2000)) provide a precise and efficient synthesis (Palcic, M. M. Curr
Opin Biotechnol 10, 616-624 (1999)); Crout, D. H. & Vic, G. Curr Opin Chem Biol 2, 98-111 (1998)), but the high cost
of the reactants, especially the sugar nucleotides, limits their utility for low-cost, large-scale production. Microbes have
been genetically engineered to express the glycosyltransferases needed to synthesize oligosaccharides from the bac-
teria’s innate pool of nucleotide sugars (Endo, T., Koizumi, S., Tabata, K., Kakita, S. & Ozaki, A. Carbohydr Res 330,
439-443 (2001); Endo, T., Koizumi, S., Tabata, K. & Ozaki, A. Appl Microbiol Biotechnol 53, 257-261 (2000); Endo, T.
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& Koizumi, S. Curr Opin Struct Biol 10, 536-541 (2000); Endo, T., Koizumi, S., Tabata, K., Kakita, S. & Ozaki, A. Carbohydr
Res 316, 179-183 (1999); Koizumi, S., Endo, T., Tabata, K. & Ozaki, A. Nat Biotechnol 16, 847-850 (1998)). However,
prior to the invention described herein, there was a growing need to identify and characterize additional glycosyltrans-
ferases that are useful for the synthesis of HMOS in metabolically engineered bacterial hosts.

[0042] Not all a(1,2)fucosyltransferases can utilize lactose as an acceptor sugar. A desired enzyme utilizes GDP-
fucose as a donor, and lactose is the acceptor for that donor. A method of identifying novel a(1,2)fucosyltransferase
enzymes capable of utilizing lactose as an acceptor was carried out using the following steps:: 1) performing a compu-
tational search of sequence databases to define a broad group of simple sequence homologs of any known, lactose-
utilizing a(1,2)fucosyltransferase; 2) using the list of homologs from step 1 to derive a search profile containing common
sequence and/or structural motifs shared by the members of the broad group, e.g. by using computer programs such
as MEME (Multiple Em for Motif Elicitation available at http://meme.sdsc.edu/meme/cgi-bin/meme.cgi) or PSI-BLAST
(Position-Specific Iterated BLAST available at ncbi.nim.nih.gov/blast with additional information at cnx.org/content/ml
1040/latest/); 3) searching sequence databases (e.g., using computer programs such as PSI-BLAST, or MAST (Motif
Alignment Search Tool available at http://meme.sdsc.edu/meme/cgi-bin/mast.cgi);, using this derived search profile as
query, and identifying "candidate sequences" whose simple sequence homology to the original lactose-accepting
a(1,2)fucosyltransferase is 40% or less; 4) scanning the scientific literature and developing a list of "candidate organisms"
known to express a(1,2)fucosyl-glycans; 5) selecting only those "candidate sequences" that are derived from "candidate
organisms" to generate a list of "candidate lactose-utilizing enzymes"; and 6) expressing each "candidate lactose-utilizing
enzyme" and testing for lactose-utilizing a.(1,2)fucosyltransferase activity.

[0043] The MEME suite of sequence analysis tools (meme.sdsc.edu/meme/cgi-bin/meme.cgi) can also be used as
an alternative to PSI-BLAST. Sequence motifs are discovered using the program "MEME". These motifs can then be
used to search sequence databases using the program "MAST". The BLAST and PHI-BLAST search algorithms are
other well known alternatives.

[0044] To test for lactose-utilizing activity, the production of 2’-FL is evaluated in a host organism that expresses the
candidate enzyme and which contains both cytoplasmic GDP-fucose and lactose pools. The production of 2'-FL indicates
that the candidate enzyme-encoding sequence functions as a lactose-utilizing a(1,2)fucosyltransferase.

[0045] To find enzymes with similarity to FutC, entire amino acid of FutC was used as a query in PSI-BLAST. The
results of the lactose-utilizing a.(1,2)fucosyltransferase identification method of this invention are surprising, because
the % identity of several of the lactose-utilizing o(1,2)fucosyltransferases identified are less than 40% of the reference
FutC sequence. Another most surprising aspect of the study is that 8 of the 10 candidates tested were able to utilize
lactose as an acceptor, 3 of which did so at levels very close to the "gold-standard" enzyme FutC. This was a higher
"hit rate" was anticipated. While 6 out of 10 of the candidate enzymes are found in bacteria that incorporate o.(1,2)fucose
into their LPS structure, the oligosaccharides to which the fucose is attached are very different than the lactose each
candidate enzyme is being asked to utilize in the query. Moreover, it was surprising that both WbIA and WbgN could
utilize lactose as an acceptor, because both of these enzymes are found in bacteria that do not incorporate fucose into
their LPS structure. Rather, they utilize a related sugar called colitose.

Human Milk Glycans

[0046] Human milk contains a diverse and abundant set of neutral and acidic oligosaccharides (Kunz, C., Rudloff, S.,
Baier, W., Klein, N., and Strobel, S. (2000). Annu Rev Nutr 20, 699-722; Bode, L. (2006). J Nutr 136, 2127-130). More
than 130 different complex oligosaccharides have been identified in human milk, and their structural diversity and abun-
dance is unique to humans. Although these molecules may not be utilized directly by infants for nutrition, they nevertheless
serve critical roles in the establishment of a healthy gut microbiome (Marcobal, A., Barboza, M., Froehlich, J. W., Block,
D. E., etal. J Agric Food Chem 58, 5334-5340 (2010)), in the prevention of disease (Newburg, D. S., Ruiz-Palacios, G.
M. & Morrow, A. L. Annu Rev Nutr 25, 37-58 (2005)), and in immune function (Newburg, D. S. & Walker, W. A. Pediatr
Res 61, 2-8 (2007)). Despite millions of years of exposure to human milk oligosaccharides (HMOS), pathogens have
yet to develop ways to circumvent the ability of HMOS to prevent adhesion to target cells and to inhibit infection. The
ability to utilize HMOS as pathogen adherence inhibitors promises to address the current crisis of burgeoning antibiotic
resistance. Human milk oligosaccharides produced by biosynthesis represent the lead compounds of a novel class of
therapeutics against some of the most intractable scourges of society.

[0047] Onealternative strategy for efficient, industrial-scale synthesis of HMOS is the metabolic engineering of bacteria.
This approach involves the construction of microbial strains overexpressing heterologous glycosyltransferases, mem-
brane transporters for the import of precursor sugars into the bacterial cytosol, and possessing enhanced pools of
regenerating nucleotide sugars for use as biosynthetic precursors (Dumon, C., Samain, E., and Priem, B. (2004). Bio-
technol Prog 20, 412-19; Ruffing, A., and Chen, R.R. (2006). Microb Cell Fact 5, 25). A key aspect of this approach is
the heterologous glycosyltransferase selected for overexpression in the microbial host. The choice of glycosyltransferase
can significantly affect the final yield of the desired synthesized oligosaccharide, given that enzymes can vary greatly
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in terms of kinetics, substrate specificity, affinity for donor and acceptor molecules, stability and solubility. A few glyco-
syltransferases derived from different bacterial species have been identified and characterized in terms of their ability
to catalyze the biosynthesis of HMOS in E. coli host strains (Dumon, C., Bosso, C., Utille, J.P., Heyraud, A., and Samain,
E. (2006). Chembiochem 7, 359-365; Dumon, C., Samain, E., and Priem, B. (2004). Biotechnol Prog 20, 412-19; Li, M.,
Liu, X.W., Shao, J., Shen, J., Jia, Q., Yi, W., Song, J.K., Woodward, R., Chow, C.S., and Wang, P.G. (2008). Biochemistry
47,378-387). The identification of additional glycosyltransferases with faster kinetics, greater affinity for nucleotide sugar
donors and/or acceptor molecules, or greater stability within the bacterial host significantly improves the yields of ther-
apeutically useful HMOS. Prior to the invention described herein, chemical syntheses of HMOS were possible, but were
limited by stereo-specificity issues, precursor availability, productimpurities, and high overall cost (Flowers, H. M. Methods
Enzymol 50, 93-121 (1978); Seeberger, P. H. Chem Commun (Camb) 1115-1121 (2003); Koeller, K. M. & Wong, C. H.
Chem Rev 100, 4465-4494 (2000)). The invention overcomes the shortcomings of these previous attempts by providing
new strategies to inexpensively manufacture large quantities of human milk oligosaccharides (HMOS) for use as dietary
supplements. Advantages include efficient expression of the enzyme, improved stability and/or solubility of the gene
product (2'-FL) and reduced toxicity to the host organism. For example, o(1,2) fucosyltransferases derived from E.coli
strains (e.g. WbgL) are more stable and are expressed at higher levels within E.coli production hosts strains compared
to FutC. In another example, highly active fucosyltransferase (futN) is derived from a commensal microbe (Bacteroides)
rather than a pathogen. Since many engineered production strains use fucosyltransferase genes obtained from patho-
gens, safety and/or increased consumer acceptance are added advantages of this sequence/enzyme.

[0048] As described in detail below, E. coli (or other bacteria) is engineered to produce 2’-FL in commercially viable
levels. For example, yields are >5 grams/liter in a bacterial fermentation process.

Role of Human milk glycans in infectious disease

[0049] Human milk glycans, which comprise both unbound oligosaccharides and their glycoconjugates, play a signif-
icantrole in the protection and development of the infant gastrointestinal (Gl) tract. Neutral fucosylated oligosaccharides,
including 2’-fucosyllactose (2’-FL), protect infants against several important pathogens. Milk oligosaccharides found in
various mammals differ greatly, and the composition in humans is unique (Hamosh M., 2001 Pediatr Clin North Am,
48:69-86; Newburg D.S., 2001 Adv Exp Med Biol, 501:3-10). Moreover, glycan levels in human milk change throughout
lactation and also vary widely among individuals (Morrow A.L. et al., 2004 J Pediatr, 145:297-303; Chaturvedi P et al.,
2001 Glycobiology, 11:365-372). Approximately 200 distinct human milk oligosaccharides have been identified and
combinations of simple epitopes are responsible for this diversity (Newburg D.S., 1999 Curr_Med Chem, 6:117-127;
Ninonuevo M. et al., 2006 J Agric Food Chem, 54:7471-74801).

[0050] Human milk oligosaccharides are composed of 5 monosaccharides: D-glucose (Glc), D-galactose (Gal), N-
acetylglucosamine (GIcNAc), L-fucose (Fuc), and sialic acid (N-acetyl neuraminic acid, Neu5Ac, NANA). Human milk
oligosaccharides are usually divided into two groups according to their chemical structures: neutral compounds containing
Gle, Gal, GIcNAc, and Fuc, linked to a lactose (GalB1-4Glc) core, and acidic compounds including the same sugars,
and often the same core structures, plus NANA (Charlwood J. et al., 1999 Anal Biochem, 273:261-277; Martin-Sosa et
al., 2003 J Dairy Sci, 86:52-59; Parkkinen J. and Finne J., 1987 Methods Enzymol, 138:289-300; Shen Z. et al., 2001
J Chromatogr A, 921:315-321).

[0051] Approximately 70-80% of oligosaccharides in human milk are fucosylated, and their synthetic pathways are
believed to proceed as shown in Figure 1 (Type | and Type Il pathways begin with different precursor molecules). A
smaller proportion of the oligosaccharides are sialylated or both fucosylated and sialylated, but their synthetic pathways
are not fully defined. Understanding of the acidic (sialylated) oligosaccharides is limited in part by the ability to measure
these compounds. Sensitive and reproducible methods for the analysis of both neutral and acidic oligosaccharides have
been designed. Human milk oligosaccharides as a class survive transit through the intestine of infants very efficiently,
being essentially indigestible (Chaturvedi, P., Warren, C. D., Buescher, C. R., Pickering, L. K. & Newburg, D. S. Adv
Exp Med Biol 501, 315-323 (2001)).

Human milk glycans inhibit binding of enteropathogens to their receptors

[0052] Human milk glycans have structural homology to cell receptors for enteropathogens and function as receptor
decoys. For example, pathogenic strains of Campylobacter bind specifically to glycans containing H-2, i.e., 2’-fucosyl-
N-acetyllactosamine or 2’-fucosyllactose (2'FL); Campylobacter binding and infectivity are inhibited by 2’-FL and other
glycans containing this H-2 epitope. Similarly, some diarrheagenic E. coli pathogens are strongly inhibited in vivo by
human milk oligosaccharides containing 2-linked fucose moieties. Several major strains of human caliciviruses, especially
the noroviruses, also bind to 2-linked fucosylated glycans, and this binding is inhibited by human milk 2-linked fucosylated
glycans. Consumption of human milk that has high levels of these 2-linked fucosyloligosaccharides was associated with
lower risk of norovirus, Campylobacter, ST of E. coli-associated diarrhea, and moderate-to-severe diarrhea of all causes
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in a Mexican cohort of breastfeeding children (Newburg D.S. et al., 2004 Glycobiology, 14:253-263; Newburg D.S. et
al., 1998 Lancet, 351:1160-1164). Several pathogens utilize sialylated glycans as their host receptors, such as influenza
(Couceiro, J. N., Paulson, J. C. & Baum, L. G. Virus Res 29, 155-165 (1993)), parainfluenza (Amonsen, M., Smith, D.
F., Cummings, R. D. & Air, G. M. J Virol 81, 8341-8345 (2007), and rotoviruses (Kuhlenschmidt, T. B., Hanafin, W. P.,
Gelberg, H. B. & Kuhlenschmidt, M. S. Adv Exp Med Biol 473, 309-317 (1999)). The sialyl-Lewis X epitope is used by
Helicobacter pylori (Mahdavi, J., Sondén, B., Hurtig, M., Olfat, F. O., et al. Science 297, 573-578 (2002)), Pseudomonas
aeruginosa (Scharfman, A., Delmotte, P., Beau, J., Lamblin, G., et al. Glycoconj J 17, 735-740 (2000)), and some strains
of noroviruses (Rydell, G. E., Nilsson, J., Rodriguez-Diaz, J., Ruvoén-Clouet, N., et al. Glycobiology 19, 309-320 (2009)).

Engineering of E. coli to produce human milk oligosaccharide 2’-FL

[0053] Described herein is a gene screening approach, which was used to identify new o (1,2) fucosyltransferases (a
(1,2) FTs) for the synthesis of fucosyl-linked oligosaccharides in metabolically engineered E. coli. Of particular interest
are a (1,2) FTs that are capable of the synthesis of the HMOS 2’-fucosyllactose (2’-FL). 2’-FL is the most abundant
fucosylated oligosaccharide present in human milk, and this oligosaccharide provides protection to newborn infants
against infectious diarrhea caused by bacterial pathogens such as Campylobacter jejuni (Ruiz-Palacios, G.M., et al.
(2003). J Biol Chem 278, 14112-120; Morrow, A.L. et al. (2004). J Pediatr 145, 297-303; Newburg, D.S. et al. (2004).
Glycobiology 14, 253-263).

[0054] The synthetic pathway of the fucosyl oligosaccharides of human milk is illustrated in Figure 1. Structurally, 2’-
FL consists of a fucose molecule a 1,2 linked to the galactose portion of lactose (Fuca1-2Galp1-4Glc). An o (1,2) FT
from H. pylori strain 26695 termed FutC has been utilized to catalyze the synthesis of 2’-FL in metabolically engineered
E. coli (Drouillard, S. et al. (2006). Angew Chem Int Ed Engl 45, 1778-780). Therefore, the amino acid sequence of FutC
was used as a query in the search algorithm PSI-BLAST (Position Specific Iterated Basic Local Alignment Search Tool)
to identify candidate novel a (1,2) FTs for the production of 2'-FL in E. coli. Using PSI-BLAST, a list of closely related
protein sequences is created based on the query sequence. The algorithm then generates a profile sequence, which
summarizes significant motifs present in these sequences. This profile is then used as a new query to identify a larger
group of candidate sequences, and the process is iterated to generate an even larger group of candidates.

[0055] The FutC amino acid sequence was used as a query for 2 iterations of the PSI-BLAST search algorithm. This
search yielded a group of 277 candidates with similarity to FutC, some of which were more closely related (shared amino
acid identity greater than 25%) as well as a group that was more distantly related to FutC (shared amino acid identity
less than 25%). Of the more closely related group, the predicted a(1,2) FTs from bacterial species that incorporate
fucose into the O-antigen of their lipopolysaccharide (LPS) or into the polysaccharide subunits that compose the cell
surface capsule were analyzed. a(1,2) FTs from these types of organisms are more likely to utilize fucose as a substrate,
given the presence of fucose in their surface carbohydrate structures. a(1,2) FTs from known enteric bacterial species,
either commensals or pathogens were also analyzed. Such organisms sometimes display carbohydrate structures on
their cell-surface that contain fucose and mimic various 2’-fucosyl containing Lewis antigen structures found in higher
organisms (Appelmelk, B.J. et al. (1998). Infect Immun 66, 70-76; Coyne, M.J. et al. (2005). Science 307, 1778-781).
Candidate a(1,2) FTs from these types of organisms are more likely to utilize fucose as a substrate and also to catalyze
the linkage of fucose to useful acceptor oligosaccharides.

[0056] Ten a(1,2) FTs with greater than 25% homology at the amino acid level to FutC identified from the screen were
analyzed (Table 1).

Table 1. Summary of candidate o (1,2) fucosyltransferases tested for their ability to promote 2’-FL in engineered E.
coli strains. The activity of each candidate was compared to FutC and described semi-quantitatively using the "+"
symbol in the last column, where FutC is assessed the highest activity with 4 "+" symbols.

Gene Name | Accession No. Organism % ldentity w/ Fucose in LPS of | 2’-FL.
(NCBI) futC capsule? Synthesis
futC NP_206893 H.pylori 26685 - Yes +++
NP_206894
wblA BAA33632 V.cholerae 022 28% No +
wbgL ADNA3847 E.coli0125 25% Yes +++
futD ZP_04580654 H. bilis ATCC 39% Yes +
437873
fute ZP_07805473 H. cinoedi CCUG | 44% Unknown -
18818
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(continued)
Gene Name | Accession No. Organism % Identity w/ Fucose in LPS of | 2’-FL.
(NCBI) futC capsule? Synthesis
futL YP_003517185 B. mustelae 70% Yes +++
ATCC 43772
futN YP_001300461 B. vulgatus ATCC | 27% Unknown ++
8482
futO ZP_02065239 B. ovalus ATCC 27% Unknown -
8483
wbgN YP_003900093 E. coli 095:M7 28% No +
bft1 CAM09389 B. fragilis 9343 34% Yes -
bft3/wcfB CAHO06753 B. fragilis 9343 28% Yes +
[0057] The amino acid sequence of Helicobacter pylori 26695 alpha-(1,2) fucosyltransferase (FutC) is set forth below

(SEQ ID NO: 2; GenBank Accession Number NP_206893 and NP_206894 (G1:15644723 and 15644724), incorporated
herein by reference).

1 maftkvvgicg glgngmfgya fakslgkhln tpvllditsf dwsnrkmgle 1lfpidlpyas

61
121
181
241

akeiaiakmg hlpklvrdtl kcmgfdrvsqg eivfeyepgl lkpsrltyfy gyfgdpryfd

aisplikgtf tlpppengnn kkkeeevhrk lalilaakns vivhvrrgdy vgigcglgid

vgkkaleyia krvpnmelfv fcedlkftgn ldlgypfmdm ttrdkeeeay wdmllmgsck

hgiianstys wwaaylinnp ekiiigpkhw lfghenilck ewvkieshfe vkskkyna

[0058] The amino acid sequence of Vibrio cholera 022 WbIA is set forth below (SEQ ID NO: 3; GenBank Accession
Number BAA33632 (GI:3721682), incorporated herein by reference).
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1
61
121
181
241

[0059]

mivmkisggl gnglfgyvavg raiaigygvp lkldvsaykn yklhngyrld gfninadian

edeifhlkygs
sgiravlilqge
vdyikekiea

sfswwaawln

snrilsrilrr lgwlkkntyy aekgrtiydv
lwpngplsin agahgikigqg thavsihvrr
pvifvisndv awckdnfnfi dspvfiedtqg
snvdkiviap ktwmaenpkg vkwvpdswre

Number ADN43847 (GI:307340785), incorporated herein by reference).

1 msiirlgggl gnglfgfsfg yalskingtp

61
121
181
241

[0060]

yytpkinniy kflvrgsrly peiflflgfc
ffhkhildlk effipknvse ganllaakil
eyykkalnki rdlamirdvf ifsddifwck
anhhiianss fswwgaylgt sasgiviypt

nefhaygydf
esgsslsihi
enietllskk
pwyditpknt

svimgapryl dgywgneqyf

gdylnhpeig vldidyykra

teiddlmlme gecghnivans

i

lyfdishyae nddhggyrin

eyiagkwksk
rrgdyiknkt
yniyysedls

vipivnhwin

Accession Number ZP_04580654 (Gl: 237750174), incorporated herein by reference).

23

The amino acid sequence of Escherichia coli0126 WbgL is set forth below (SEQ ID NO: 4; GenBank Accession

nlgipeeylg
kyigywgseh
atlthgvesl
geedlwlmsl
vdkhssc

The amino acid sequence of Helicobacter bilis ATCC 437879 FutD is set forth below (SEQ ID NO: 5; GenBank
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1 mgdyvkivelt cglgngmfqgy afakalgkhl gvpvlldktw ydtgdnstgf sldifnvdle
61 vyatntgieka karvsklpgl lrkmfglkkh niaysgsfdf hdeyllpndf tyfsgffgna
121 kylkglegel ksifyydsnn fsnfgkgrle lilgaknsif ihirrgdyck igwelgmdyy
181 kraigyimdr veepkffifg atdmsfteqf gknlglnenn sanlsektit gdnghedmfl

241 meyckhaila nssysfwsay Inndannivi aptpwlldnd niicddwiki ssk

6]

[0061] The amino acid sequence of Helicobacter cinaedi CCUG 18818 alpha-1,2-fucosyltransferase (FutE) is set forth
below (SEQ ID NO: 6; GenBank Accession Number ZP_07805473 (G1:313143280), incorporated herein by reference).

1 mifpfkfiyn rlrykairli rrrasyrpfy efyahivwge egvvndrimk hyressfkpy

61 afpyginmsf vysndvyall kddfrlkipl rydnamlkkqg igntdksvfl hirrgdylgs
121 eglyvvlgvt yygkaleilk skitnphifv fsndmcwcke ylmryvdfsg ctidfiegnt

181 egnaveemel mrscghaiia nstfswwaay lienpdkivi mpkeylndss rflpkgflal
241 knwflvdhiw gsvelan

[0062] The amino acid sequence of Helicobacter mustelae 12198 (ATCC 43772) alpha-1,2-fucosyltransferase (FutL)

is set forth below (SEQ ID NO: 7; GenBank Accession Number YP_003517185 (G1:291277413), incorporated herein
by reference).

1 mdfkivgvhg glgngmfgya fakslgthln ipvlldttwf dygnrelglh lfpidlgcas

61 aqggiaaahmg nlprlvrgal rrmglgrvsk eivfeympel fepsriayfh gyfgdpryfe
121 displikgtf tlphptehae gysrklsqgil aaknsvivhi rrgdymrlgw gldisyglra
181 iaymakrvgn lelflfcedl efvgnldlgy pfvdmttrdg aahwdmmlmg sckhgiitns
241 tyswwaayli knpekiiigp shwiygneni lckdwvkies gfetks

[0063] One a(1,2)fucosyltransferase identified through the screen that possessed comparable enzymatic activity rel-
ative to FutC was termed FutL. FutL was found to direct the synthesis of 2’-FL at ~75% the level of FutC in the metabolically
engineered E. coli production strain (Table 1 and Figure 3). In addition, the data indicated that FutL is significantly less
efficient at promoting the synthesis of LDFT, a byproduct that was observed with other o(1,2)FTs. Therefore, FutL offers
advantages over the others, e.g., the ability to robustly produce 2'-FL without the concern of concurrently producing

other undesirable contaminating oligosaccharides. FutL is derived from Helicobacter mustelae and is 70% identical to
FutC at the amino acid level.

[0064] The amino acid sequence of Bacteroides vulgatus ATCC 8482 glycosyl transferase family protein (FutN) is set

forth below (SEQ ID NO: 8; GenBank Accession Number YP_001300461 (Gl:150005717), incorporated herein by ref-
erence).

1 mrlikvtggl gngmfivyafy lrmkkyypkv ridlsdmmhy kvhygyemhr vfnlphtefc

61 ingplkkvie flffkkiyer kgapnslraf ekkyfwplly fkgfygserf fadikdevre
121 sftfdknkan srslnmleil dkdenavslh irrgdylgpk hwattgsveq lpyygnaiae
181 msrrvaspsy vifsddiawv kenlplgnav yidwntdeds wgdmmlmshe khhiicnstf
241 swwgawlnpn mdktvivpsr wfghseapdi yptgwikvpv s

[0065] The amino acid sequence of Bacteroides ovatus ATCC 8483 FutO is set forth below (SEQ ID NO: 9; GenBank
Accession Number ZP_02065239 (GI: 160884236), incorporated herein by reference).
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1 mkivnilggl gngmfvyamy lalkeahpee eillerrsyk gyplhngyel erifgveape
61 aalsglarva ypffnykswg lmrhflplrk smasgttgip fdysevtrnd nvyydgywgn
121 eknflsirdk vikaftfpef rdeknkalsd klksvktasc hirrgdylkd piygvensdy

181 ytraitelng svnpdmycif sddigwcken fkfligdkev vivdwnkgge sfydmglmsl

241 chyniianss fswwgawlnn nddkvvvape rwmnktlend picdnwkrik ve

[0066] The amino acid sequence of Escherichia coli O55:H7 (str. CB9615) fucosyltransferase (WbgN) is set forth
below (SEQID NO: 10; GenBank Accession Number YP_003500093 (GI:291283275), incorporated herein by reference).

1 msivvarlag glgngmfgya kgyaesvern sslkldlrgy knytlhggfr ldklnidntf
61 vmskkemcif pnfivraink fpklslcskr feseqgyskki ngsmkgsvef igfwgnervf
121 lehkeklrei ftpininlda kelsdvirct nsvsvhirrg dyvsnvealk ihglcteryy
181 idsirylker fnnlvffvfs ddiewckkyk neifsrsddv kfiegntgev dmwlmsnaky
241 hiianssfsw wgawlknydl gitiaptpwf ereelnsfdp cpekwvriek

[0067] The amino acid sequence of Bacteroides fragilis (NCTC) 9343 alpha-1,2-fucosyltransferase (Bft1) is set forth
below (SEQ ID NO: 11, GenBank Accession Number CAH09369 (G1:60494568), incorporated herein by reference).

1 mffrcemkiv giigglgngm fgfafylalk ekyvnvkldt ssfgaythng feldkvfhve
61 ylkasireri klsyggseiw irvlrkllkr kkteyvepyl cfdenaisls cdkyyigywqg
121 sykyftniea airggfhfsk vlsdknefik kgmgnsnsvs lhvrlgdyvn npaysnicts
181 ayynkainii gskvsepkff vfsddtvwck dhlkipnchi idwnnkeesy wdmeclmtyck

241 hniianssfs wwgawlntnp eriviapgkw inddrvgvsd iipsdwicv

[0068] The amino acid sequence of Bacteroides fragilis (NCTC) 9343 fucosyl transferase (Bft3/WcfB) is set forth below

(SEQ ID NO: 12; GenBank Accession Number CAH06753 (G1:60491992), incorporated herein by reference).

1 mlyvilrgrl gnnlfgiata asltgnfifc tvnkdgergv llykdsffkn ikvmkgvpdg
61 ipyvkepfhe fsripyeegk dliidgyfgs ekyfkrsvvl dlyritdelr kkiwnicgni
121 lekgetvsih vrrgdylklp halpfcgksy yknaigyige dkifiicsdd idwckknfig
181 kryyfientt plldlyigsl cthniisnss fswwgawlne nsnkiviapg mwfgisvklg
241 vsdllpvswv rlpnnytlgr vefalykvve dyllnilrli wkrkknm

Homology comparison matrix of fucosyltransferases examined in this study:

FutC | WbsJ | Wbgt | WbIR | WbgN | Bft1 | Bft3 | FutD | FutE | FutC | FutN | FutC
FutC - 30% 28% 28% 28% 34% | 28% | 39% 44% 70% 27% 27%
WbsJ 30% | - 33% 33% 36% 36% | 40% | 30% 35% 30% 33% 36%
WbgL | 28% | 33% - 33% 37% 32% | 39% | 31% 32% 25% 32% 33%
WbIA 28% | 33% 33% - 36% 37% | 33% | 31% 38% 29% 31% 35%
WbgN | 28% | 36% 37% 36% - 32% | 37% | 30% 38% 30% 32% 35%
Bft1 34% | 36% 32% 37% 32% - 30% | 32% 37% 33% 35% 38%
Bft3 28% | 40% 39% 33% 37% 30% | - 30% 33% 29% 34% 35%
FutD 39% | 30% 31% 31% 30% 32% | 30% | - 34% 40% 28% 31%
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(continued)

FutC | WbsJ | Wbgt | WbIR | WbgN | Bft1 Bft3 | FutD | FutE | FutC | FutN | FutC

FutE 44% | 35% 32% 38% 38% 37% | 33% | 34% - 33% 33% 36%
FutL 70% | 30% 25% 29% 30% 33% | 29% | 40% 33% - 30% 28%
FutN 27% | 33% 32% 31% 32% 35% | 34% | 28% 34% 30% - 37%

FutO 27% 36% 33% 35% 35% 38% | 35% | 31% 36% 28% 37% -

[0069] All of these proteins are found in bacteria that interact with the gastrointestinal system of higher organisms. In
addition, 6 of the 10 selected incorporate fucose into their cell surface glycans. Such genes were predicted to have the
strongest activity in terms of fucosyl-oligosaccharide synthesis. In this group of 10 candidates, 2 enzymes found in
bacterial strains that do not incorporate fucose into cell surface glycans (WbIA and WbgN) were also included. It was
predicted that these candidates would have little or no fucosyl-oligosaccharide synthesis activity, and therefore might
serve as a useful negative control to validate the screening approach.

[0070] Candidate a(1,2) FTs were cloned by standard molecular biological techniques into an expression plasmid.
This plasmid utilizes the strong leftwards promoter of bacteriophage A (termed P ) to direct expression of the candidate
genes (Sanger, F. et al. (1982). J Mol Biol 162, 729-773). The promoter is controllable, e.g., a trp-cl construct is stably
integrated the into the E.coli host’'s genome (at the ampC locus), and control is implemented by adding tryptophan to
the growth media. Gradual induction of protein expression is accomplished using a temperature sensitive cl repressor.
Another similar control strategy (temperature independent expression system) has been described (Mieschendahl et
al., 1986, Bio/Technology 4:802-808)._The plasmid also carries the E. coli rcsA gene to up-regulate GDP-fucose syn-
thesis, a critical precursor for the synthesis of fucosyl-linked oligosaccharides. In addition, the plasmid carries a -
lactamase (bla) gene for maintaining the plasmid in host strains by ampicillin selection (for convenience in the laboratory)
and a native thyA (thymidylate synthase) gene as an alternative means of selection in thyA- hosts. Alternative selectable
markers include the proBA genes to complement proline auxotrophy (Stein et al., (1984), J Bacteriol 158:2, 696-700
(1984) or purC to complement adenine auxotrophy (Parker, J., (1984), J Bacteriol 157:3, 712-7). To act as plasmid
selectable markers each of these genes are first inactivated in the host cell chromosome, then wild type copies of the
genes are provided on the plasmid. Alternatively a drug resistance gene may be used on the plasmid, e.g. beta-lactamase
(this gene is already on the expression plasmid described above, thereby permitting selection with ampicillin). Ampicilline
selection is well known in the art and described in standard manuals such as Maniatis et al., (1982) Molecular cloning,
a laboratory manual. Cold Spring Harbor Laboratory, Cold Spring, NY.

[0071] The expression constructs were transformed into a host strain useful for the production of 2’-FL. Biosynthesis
of 2’-FL requires the generation of an enhanced cellular pool of both lactose and GDP-fucose (Figure 2). The wild-type
Eschericia coli K12 prototrophic strain W3110 was selected as the parent background to test the ability of the candidates
to catalyze 2’-FL production (Bachmann, B.J. (1972). Bacteriol Rev 36, 525-557). The particular W3110 derivative
employed was one that previously had been modified by the introduction (at the ampC locus) of a tryptophan-inducible
P Cl* repressor cassette, generating an E.coli strain known as GI1724 (LaVallie, E.R. et al. (2000). Methods Enzymol
326, 322-340). Other features of G724 include /laclq and lacPL8 promoter mutations. E.coli strain G1724 affords eco-
nomical production of recombinant proteins from the phage A P| promoter following induction with low levels of exogenous
tryptophan (LaVallie, E.R. et al. (1993). Biotechnology (N Y) 11, 187-193; Mieschendahl, et al. (1986). Bio/Technology
4,802-08). Additional genetic alterations were made to this strain to promote the biosynthesis of 2’-FL. This was achieved
in strain GI724 through several manipulations of the chromosome using A Red recombineering (Court, D.L. et al. (2002).
Annu Rev Genet 36, 361-388) and generalized P1 phage transduction.

[0072] First, the ability of the E. coli host strain to accumulate intracellular lactose was engineered by simultaneous
deletion of the endogenous B-galactosidase gene (lacZ) and the lactose operon repressor gene (/acl). During construction
of this deletion, the laclq promoter was placed immediately upstream of the lactose permease gene, lacY. The modified
strain maintains its ability to transport lactose from the culture medium (via LacY), but is deleted for the wild-type copy
of the lacZ (B-galactosidase) gene responsible for lactose catabolism. Therefore, an intracellular lactose pool is created
when the modified strain is cultured in the presence of exogenous lactose. A schematic of the P, lacY* chromosomal
construct is shown in Figure 6.

[0073] Genomic DNA sequence of the P,ac,q lacY* chromosomal construct is set forth below (SEQ ID NO: 13) (the
ATG start codon is underlined):
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CACCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGA
GAGTCAAGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATACTTTCTAGAGAATAGG
AACTTCGGAATAGGAACTTCGGAATAGGAACTAAGGAGGATATTCATATGTACT
ATTTAAAAAACACAAACTTTTGGATGTTCGGTTTATTCTTTTTCTTTTACTTTTTTA
TCATGGGAGCCTACTTCCCGTTTTTCCCGATTTGGCTACATGACATCAACCATATC
AGCAAAAGTGATACGGGTATTATTTTTGCCGCTATTTICTCTGTTCTCGCTATTATT
CCAACCGCTGTTTGGTCTGCTTTCTGACAAACTCGGGCTGCGCAAATACCTGCTG
TGGATTATTACCGGCATGTTAGTGATGTTTGCGCCGTTCTTTATTTITATCTTCGG
GCCACTGTTACAATACAACATTTTAGTAGGATCGATTGTTGGTGGTATTTATCTA
GGCTTTTGTTTTAACGCCGGTGCGCCAGCAGTAGAGGCATTTATTGAGAAAGTCA
GCCGTCGCAGTAATTTCGAATTTGGTCGCGCGCGGATGTTTGGCTGTGTTGGCTG
GGCGCTGTGTGCCTCGATTGTCGGCATCATGTTCACCATCAATAATCAGTTTGTTT
TCTGGCTGGGCTCTGGCTGTGCACTCATCCTCGCCGTTTTACTCTTITTCGCCAAA
ACGGATGCGCCCTCTTCTGCCACGGTTGCCAATGCGGTAGGTGCCAACCATTCGG
CATTTAGCCTTAAGCTGGCACTGGAACTGTTCAGACAGCCAAAACTGTGGTTTTIT
GTCACTGTATGTTATTGGCGTTTCCTGCACCTACGATGTTTTTGACCAACAGTTTG
CTAATTTCTTTACTTCGTTCTTTGCTACCGGTGAACAGGGTACGCGGGTATTTGGC
TACGTAACGACAATGGGCGAATTACTTAACGCCTCGATTATGTTCTTTGCGCCAC
TGATCATTAATCGCATCGGTGGGAAAAACGCCCTGCTGCTGGCTGGCACTATTAT
GTCTGTACGTATTATTGGCTCATCGTTCGCCACCTCAGCGCTGGAAGTGGTTATTC
TGAAAACGCTGCATATGTTTGAAGTACCGTTCCTGCTGGTGGGCTGCTTTAAATA
TATTACCAGCCAGTTTGAAGTGCGTTTTTCAGCGACGATTTATCTGGTCTGTTTCT
GCTTCTTTAAGCAACTGGCGATGATTTTTATGTCTGTACTGGCGGGCAATATGTAT
GAAAGCATCGGTTTCCAGGGCGCTTATCTGGTGCTGGGTCTGGTGGCGCTGGGCT
TCACCTTAATTTCCGTGTTCACGCTTAGCGGCCCCGGCCCGCTTTCCCTGCTGCGT
CGTCAGGTGAATGAAGTCGCTTAAGCAATCAATGTCGGATGCGGCGCGAGCGCC
TTATCCGACCAACATATCATAACGGAGTGATCGCATTGTAAATTATAAAAATTGC
CTGATACGCTGCGCTTATCAGGCCTACAAGTTCAGCGATCTACATTAGCCGCATC
CGGCATGAACAAAGCGCAGGAACAAGCGTCGCA

[0074] Second, the ability of the host E. coli strain to synthesize colanic acid, an extracellular capsular polysaccharide,
was eliminated by the deletion of the wcaJ gene, encoding the UDP-glucose lipid carrier transferase (Stevenson, G. et
al. (1996). J Bacteriol 178, 4885-893). In a wcaJ null background GDP-fucose accumulates in the E. coli cytoplasm
(Dumon, C. etal. (2001). Glycoconj J 18, 465-474). A schematic of the chromosomal deletion of wcaJis shown in Figure 7.
[0075] The sequence of the chromosomal region bearing the AwcadJ::FRT mutation is set forth below (SEQ ID NO:
14) (the mutation is underlined):
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GTTCGGTTATATCAATGTCAAAAACCTCACGCCGCTCAAGCTGGTGATCAACTCC
GGGAACGGCGCAGCGGGTCCGGTGGTGGACGCCATTGAAGCCCGCTTTAAAGCC
CTCGGCGCGCCCGTGGAATTAATCAAAGTGCACAACACGCCGGACGGCAATTTC
CCCAACGGTATTCCTAACCCACTACTGCCGGAATGCCGCGACGACACCCGCAATG
CGGTCATCAAACACGGCGCGGATATGGGCATTGCTTTTGATGGCGATTTTGACCG
CTGTTTCCTGTTTGACGAAAAAGGGCAGTTTATTGAGGGCTACTACATTGTCGGC
CTGTTGGCAGAAGCATTCCTCGAAAAAAATCCCGGCGCGAAGATCATCCACGAT
CCACGTCTCTCCTGGAACACCGTTGATGTGGTGACTGCCGCAGGTGGCACGCCGG
TAATGTCGAAAACCGGACACGCCTTTATTAAAGAACGTATGCGCAAGGAAGACG
CCATCTATGGTGGCGAAATGAGCGCCCACCATTACTTCCGTGATTTCGCTTACTG
CGACAGCGGCATGATCCCGTGGCTGCTGGTCGCCGAACTGGTGTGCCTGAAAGA
TAAAACGCTGGGCGAACTGGTACGCGACCGGATGGCGGCAETTTCCGGCAAGCGG
TGAGATCAACAGCAAACTGGCGCAACCCGTTGAGGCGATTAACCGCGTGGAACA
GCATTTTAGCCGTGAGGCGCTGGCGGTGGATCGCACCGATGGCATCAGCATGAC
CTTTGCCGACTGGCGCTTTAACCTGCGCACCTCCAATACCGAACCGGTGGTGCGC
CTGAATGTGGAATCGCGCGGTGATGTGCCGCTGATGGAAGCGCGAACGCGAACT
CTGCTGACGTTGCTGAACGAGTAATGTCGGATCTTCCCTTACCCCACTGCGGGTA
AGGGGCTAATAACAGGAACAACGATGATTCCGGGGATCCGTCGACCTGCAGTTC
GAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCGAAGCAGCTCCAGCCTACAGT
TAACAAAGCGGCATATTGATATGAGCTTACGTGAAAAAACCATCAGCGGCGCGA
AGTGGTCGGCGATTGCCACGGTGATCATCATCGGCTTATTTTTGACACCAGACCA
ACTGGTAATTTATTTTTGACACCAGACCAACTGGTAATTTATTTTTGACACCAGAC
CAACTGGTTATTTTTGACACCAGACCAACTGGTTATTTTTGACACCAGACCAACT
GGCTCGGGCTGGTGCAGATGACCGTGCTGGCGCGGATTATCGACAACCACCAGT
TCGGCCTGCTTACCGTGTCGCTGGTGATTATCGCGCTGGCAGATACGCTTTCTGA
CTTCGGTATCGCTAACTCGATTATTCAGCGAAAAGAAATCAGTCACCTTGAACTC
ACCACGTTGTACTGGCTGAACGTCGGGCTGGGGATCGTGGTGTGCGTGGCGGTGT
TTTTGTTGAGTGATCTCATCGGCGACGTGCTGAATAACCCGGACCTGGCACCGTT
GATTAAAACATTATCGCTGGCGTTTGTGGTAATCCCCCACGGGCAACAGTTCCGC
GCGTTGATGCAAAAAGAGCTGGAGTTCAACAAAATCGGCATGATCGAAACCAGC
GCGGTGCTGGCGGGCTTCACTTGTACGGTGGTTAGCGCCCATTTCTGGCCGCTGG
CGATGACCGCGATCCTCGGTTATCTGGTCAATAGTGCGGTGAGAACGCTGCTGTT
TGGCTACTTTGGCCGCAAAATTTATCGCCCCGGTCTGCATTTCTCGCTGGCGTCGG
TGGCACCGAACTTACGCTTTGGTGCCTGGCTGACGGCGGACAGCATCATCAACTA
TCTCAATACCAACCTTTCAACGCTCGTGCTGGCGCGTATTCTCGGCGCGGGCGTG
GCAGGGGGATACAACCTGGCGTACAACGTGGCCOGTTGTGCCACCGATGAAGCTG
AACCCAATCATCACCCGCGTGTTGTTTCCGGCATTCGCCAAAATTCAGGACGATA
CCGAAAAGCTGCGTGTTAACTTCTACAAGCTGCTGTCGGTAGTGGGGATTATCAA
CTTTCCGGCGCTGCTCGGGCTAATGGTGGTGTCGAATAACTTTGTACCGCTGGTC
TTTGGTGAGAAGTGGAACAGCATTATTCCGGTGCTGCAATTGCTGTGTGTGGTGG
GTCTGCTGCGCTCCG

[0076] Third, the magnitude of the cytoplasmic GDP-fucose pool was enhanced by the introduction of a null mutation
into the lon gene. Lon is an ATP-dependant intracellular protease that is responsible for degrading RcsA, which is a
positive transcriptional regulator of colanic acid biosynthesis in E. coli (Gottesman, S. & Stout, V. Mol Microbiol 5,
1599-1606 (1991)). In a lon null background, RcsA is stabilized, RcsA levels increase, the genes responsible for GDP-
fucose synthesis in E. coli are up-regulated, and intracellular GDP-fucose concentrations are enhanced. The lon gene
was almost entirely deleted and replaced by an inserted functional, wild-type, but promoter-less E.coli lacZ* gene
(Alon::(kan, lacZ*). . Red recombineering was used to perform the construction. A schematic of the kan, lacZ* insertion
into the lon locus is shown in Figure 8.

[0077] Genomic DNA sequence surrounding the lacZ+ insertion into the lon region in the E.coli strain is set forth below
(SEQ ID NO: 15):
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GTGGATGGAAGAGGTGGAAAAAGTGGTTATGGAGGAGTGGGTAATTGATGGTGA
AAGGAAAGGGTTGGTGATTTATGGGAAGGGGGAAGGGGAAGAGGGATGTGGTG
AATAATTAAGGATTGGGATAGAATTAGTTAAGGAAAAAGGGGGGATTTTATGTG
GGGTTTAATTTTTGGTGTATTGTGGGGGTTGAATGTGGGGGAAAGATGGGGATAT
AGTGAGGTAGATGTTAATAGATGGGGTGAAGGAGAGTGGTGTGATGTGATTAGG
TGGGGGAAATTAAAGTAAGAGAGAGGTGTATGATTGGGGGGATGGGTGGAGGT
GGAGTTGGAAGTTGGTATTGTGTAGAAAGTATAGGAAGTTGAGAGGGGTTTTGA
AGGTGAGGGTGGGGGAAGGAGTGAGGGGGGAAGGGGTGGTAAAGGAAGGGGA
AGAGGTAGAAAGGGAGTGGGGAGAAAGGGTGGTGAGGGGGGATGAATGTGA
GGTAGTGGGGTATGTGGAGAAGGGAAAAGGGAAGGGGAAAGAGAAAGGAGGTA
GGTTGGAGTGGGGTTAGATGGGGATAGGTAGAGTGGGGGGTTTTATGGAGAGGA
AGGGAAGGGGAATTGGGAGGTGGGGGGGGGTGTGGTAAGGTTGGGAAGGGGTG
GAAAGTAAAGTGGATGGGTTTGTTGGGGGGAAGGATGTGATGGGGGAGGGGAT
GAAGATGTGATGAAGAGAGAGGATGAGGATGGTTTGGGATGATTGAAGAAGAT
GGATTGGAGGGAGGTTGTGGGGGGGGETTGGGTGGAGAGGGTATTGGGGTATGAG
TGGGGAGAAGAGAGAATGGGGETGGTGTGATGGGGGGGETGTTGGGGGTGTGAGG
GGAGGGGGGGGGGGETTGTTTTTGTGAAGAGGGAGGTGTGGGGTGGGGTGAATGA
AGTGGAGGAGGAGGGAGGGGGGGTATGGTGGGTGGGGAGGAGGGGGGTTGGTT
GGGGAGGTGTGGTGGAGGTTGTGAGTGAAGGGGGAAGGGAGTGGGTGGTATTG
GGGGAAGTGGGGGGGGAGGATGTGGTGTGATGTGAGGTTGGTGGTGGGGAGAA
AGTATGGATGATGGGTGATGGAATGGGGGGGGTGGATAGGGTTGATGGGGGTAG
GTGGGGATTGGAGGAGGAAGGGAAAGATGGGATGGAGGGAGGAGGTAGTGGGA
TGGAAGGGGGTGTTGTGGATGAGGATGATGTGGAGGAAGAGGATGAGGGGGTG
GGGGGAGGGGAAGTGTTGGGGAGGGTGAAGGGGGGATGGGGGAGGGGGAGGAT
GTGGTGGTGAGGGATGGGGATGGGTGGTTGGGGAATATGATGGTGGAAAATGGG
GGGTTTTGTGGATTGATGGAGTGTGGGGGGGTGGGTGTGGGGGAGGGGTATGAG
GAGATAGGGTTGGGTAGGGGTGATATTGGTGAAGAGGTTGGGGGGGAATGGG
GTGAGGGGTTGGTGGTGGTTTAGGGTATGGGGGGTGGGGATTGGGAGGGGATGG
JGTTGTATGGGGTTGTTGAGGAGTTGTTGTAATAAGGGGATGTTGAAGTTGGTAT
TGGGAAGTTGGTATTGTGTAGAAAGTATAGGAAGTTGGAAGGAGGTGGAGGGTA
GATAAAGGGGGGGGTTATTTTTGAGAGGAGAGGAAGTGGTAATGGTAGGGAGG
GGGGGTGAGGTGGAATTGGGGGGATAGTGAGGGGGTGGAGGAGTGGTGGGGAG
GAATGGGGATATGGAAAGGGTGGATATTGAGGGATGTGGGTTGTTGGGGGTGGA
GGAGATGGGGATGGGTGGTTTGGATGAGTTGGTGTTGAGTGTAGGGGGTGATGT
TGAAGTGGAAGTGGGGGGGGGAGTGGTGTGGGGGATAATTGAATTGGGGGGTG
GGGGAGGGGAGAGGGTTTTGGGTGGGGAAGAGGTAGGGGGTATAGATGTTGAG
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AATGGGAGATGGGAGGGGTGAAAAGAGGGGGGAGTAAGGGGGTGGGGATAGTT
TTGTTGGGGGGGTAATGGGAGGGAGTTTAGGGGGTGTGGTAGGTGGGGGAGGTG
GGAGTTGAGGGGAATGGGGGGGGGATGGGGTGTATGGGTGGGGAGTTGAAGAT
GAAGGGTAATGGGGATTTGAGGAGTAGGATGAATGGGGTAGGTTTTGGGGGTGA
TAAATAAGGTTTTGGGGTGATGGTGGGAGGGGTGAGGGGTGGTAATGAGGAGGG
GATGAGGAAGTGTATGTGGGGTGGAGTGGAAGAAGGGTGGTTGGGGGTGGTAAT
GGGGGGGGGGETTGGAGGGTTGGAGGGAGGGGTTAGGGTGAATGGGGGTGGGET
TGAGTTAGGGGAATGTGGTTATGGAGGGGTGGAGGGGTGAAGTGATGGGGGAG
GGGGGTGAGGAGTTGTTTTTTATGGGGAATGGAGATGTGTGAAAGAAAGGGTGA
GTGGGGGTTAAATTGGGAAGGGTTATTAGGGAGGTGGATGGAAAAATGGATTTG
GGTGGTGGTGAGATGGGGGATGGGGTGGGAGGGGGGGGGGAGGGTGAGAGTGA
JGTTTTGGGGGAGAGGGGAGTGGTGGGAGGGGGTGATGTGGGGGGGTTGTGAG
GATGGGGTGGGGTTGGGTTGGAGTAGGGGTAGTGTGAGGGAGAGTTGGGGGGG
GGTGTGGGGGTGGGGTAGTTGAGGGAGTTGAATGAAGTGTTTAGGTTGTGGAGG
GAGATGGAGAGGGAGTTGAGGGGTTGGGAGGGGGTTAGGATGGAGGGGGAGGA
TGGAGTGGAGGAGGTGGTTATGGGTATGAGGGAAGAGGTATTGGGTGGTGAGTT
GGATGGTTTGGGGGGATAAAGGGAAGTGGAAAAAGTGGTGGTGGTGTTTTGGTT
GGGTGAGGGGTGGATGGGGGGTGGGGTGGGGAAAGAGGAGAGGGTTGATAGAG
AAGTGGGGATGGTTGGGGGTATGGGGAAAATGAGGGGGGTAAGGGGAGGAGGG
GTTGGGGTTTTGATGATATTTAATGAGGGAGTGATGGAGGGAGTGGGAGAGGAA
GGGGGGGTGTAAAGGGGGATAGTGAGGAAAGGGGTGGGAGTATTTAGGGAAAG
GGGGAAGAGTGTTAGGGATGGGGTGGGGGTATTGGGAAAGGATGAGGGGGGGG
GTGTGTGGAGGTAGGGAAAGGGATTTTTTGATGGAGGATTTGGGGAGAGGGGGG
AAGGGGTGGTGTTGATGGAGGGGGGGGTAGATGGGGGAAATAATATGGGTGGG
GGTGGTGTGGGOTGGGGGEGGGETTGATAGTGGAGGGGGGGGGAAGGATGGAGAG
ATTTGATGGAGGGATAGAGGGGGTGGTGATTAGGGGGGTGGGGTGATTGATTGG
GGAGGGAGGAGATGATGAGAGTGGGGTGATTAGGATGGGGGTGGAGGATTGGG
GTTAGGGGTTGGGTGATGGGGGGTAGGGAGGGGGGATGATGGGTGAGAGGATT
GATTGGGAGGATGGGGTGGGTTTGAATATTGGGTTGATGGAGGAGATAGAGGGG
GTAGGGGTGGGAGAGGGTGTAGGAGAGGGGATGGTTGGGATAATGGGAAGAGG
GGAGGGGGTTAAAGTTGTTGTGGTTGATGAGGAGGATATGGTGGAGGATGGTGT
GGTGATGGATGAGGTGAGGATGGAGAGGATGATGGTGGTGAGGGTTAAGGGGT
GGAATGAGGAAGGGGTTGGGGTTGAGGAGGAGGAGAGGATTTTGAATGGGGAG
GTGGGGGAAAGGGAGATGGGAGGGTTGTGGTTGAATGAGGGTGGGGTGGGGGG
TGTGGAGTTGAAGGAGGGGAGGATAGAGATTGGGGATTTGGGGGGTGGAGAGTT
TGGGGTTTTGGAGGTTGAGAGGTAGTGTGAGGGGATGGGGATAAGGAGGAGGGT
GATGGATAATTTGAGGGGGGAAAGGGGGGGTGGGGGETGGGGAGGTGGGTTTGA
GGGTGGGATAAAGAAAGTGTTAGGGGTAGGTAGTGAGGGAAGTGGGGGGAGAT
GTGAAGTTGAGGGTGGAGTAGAGGGGGGGTGAAATGATGATTAAAGGGAGTGG
GAAGATGGAAATGGGTGATTTGTGTAGTGGGTTTATGGAGGAAGGAGAGGTGAG
GGAAAATGGGGGTGATGGGGGAGATATGGTGATGTTGGAGATAAGTGGGGTGA
GTGGAGGGGAGGAGGATGAGGGGGAGGGGGTTTTGTGGGGGGGGTAAAAATGG
GGTGAGGTGAAATTGAGAGGGGAAAGGAGTGTGGTGGGGGTAAGGGAGGGAGG
GGGGGTTGGAGGAGAGATGAAAGGGGGAGTTAAGGGGATGAAAAATAATTGGG
GTGTGGGGTTGGTGTAGGGAGGTTTGATGAAGATTAAATGTGAGGGAGTAAGAA
GGGGTGGGATTGTGGGTGGGAAGAAAGGGGGGATTGAGGGTAATGGGATAGGT
GAGGTTGGTGTAGATGGGGGGATGGTAAGGGTGGATGTGGGAGTTTGAGGGGAG
GAGGAGAGTATGGGGGTGAGGAAGATGGGAGGGAGGGAGGTTTGGGGGAGGGG
TTGTGGTGGGGGAAAGGAGGGAAAGGGGGATTGGGGATTGAGGGTGGGGAAGT
GTTGGGAAGGGGGATGGGTGGGGGGGTGTTGGGTATTAGGGGAGGTGGGGAAA
GGGGGATGTGGTGGAAGGGGATTAAGTTGGGTAAGGGGAGGGTTTTGGGAGTGA
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GGAGGTTGTAAAAGGAGGGGGAGTGAATGGGTAATGATGGTGATAGTAGGTTTG
GTGAGGTTGTGAGTGGAAAATAGTGAGGTGGGGGAAAATGGAGTAATAAAAAG
AGGGGTGGGAGGGTAATTGGGGGTTGGGAGGGTTTTTTTGTGTGGGTAAGTTAG
ATGGGGGATGGGGGTTGGGGTTATTAAGGGGTGTTGTAAGGGGATGGGTGGGGT
GATATAAGTGGTGGGGGTTGGTAGGTTGAAGGATTGAAGTGGGATATAAATTAT
AAAGAGGAAGAGAAGAGTGAATAAATGTGAATTGATGGAGAAGATTGGTGGAG
GGGGTGATATGTGTAAAGGTGGGGGTGGGGGTGGGTTAGATGGTATTATTGGTT
GGGTAAGTGAATGTGTGAAAGAAGG

[0078] Preferably, the genomic DNA sequence surrounding the lacZ+ insertion into the lon region in the E.coli strain
is as set forth below (SEQ ID NO: 19) (the ribosome binding site is designated by lowercase, the codon complementary
to the 5’ ATG start codon lacZ, and the codon complementary to the STOP codon is in bold and underlined):
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GTCCATGGAAGACGTCGAAAAAGTGGTTATCGACGAGTCGGTAATTGATGGTCA
AAGCAAACCGTTGCTGATTTATGGCAAGCCGGAAGCGCAACAGGCATCTGGTGA
ATAATTAACCATTCCCATACAATTAGTTAACCAAAAAGGGGGGATTTTATCTCCC
CTTTAATTTTTCCTCTATTCTCGGCGTTGAATGTGGGGGAAACATCCCCATATACT
GACGTACATGTTAATAGATGGCGTGAAGCACAGTCGTGTCATCTGATTACCTGGC
GGAAATTAAACTAAGAGAGAGCTCTATGATTCCGGGGATCCGTCGACCTGCAGT
TCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCAGAGCGCTTTTGAAGCTCA
CGCTGCCGCAAGCACTCAGGGCGCAAGGGCTGCTAAAGGAAGCGGAACACGTAG
AAAGCCAGTCCGCAGAAACGGTGCTGACCCCGGATGAATGTCAGCTACTGGGCT
ATCTGGACAAGGGAAAACGCAAGCGCAAAGAGAAAGCAGGTAGCTTGCAGTGG
GCTTACATGGCGATAGCTAGACTGGGCGGTTTTATGGACAGCAAGCGAACCGGA
ATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAAAGTAAACTG
GATGGCTTTCTTGCCGCCAAGGATCTGATGGCGCAGGGGATCAAGATCTGATCAA
GAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGT
TCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACA
ATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTC
TTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGC
GCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTT
GTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGAT
CTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAA
TGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAA
ACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGA
TGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCT
CAAGGCGCGCATGCCCOGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTG
CTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGC
CGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTG
CTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGC
CGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTAAT
AAGGGGATCTTGAAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAA
CTTCGAAGCAGCTCCAGCCTACATAAGCGGCCGCTITATTTTTGACACCAGACCAA
CTGGTAATGGTAGCGACCGGCGCTCAGCTGGAATTCCGCCGATACTGACGGGCTC
CAGGAGTCGTCGCCACCAATCCCCATATGGAAACCGTCGATATTCAGCCATGTGC
CTTCTTCCGCGTGCAGCAGATGGCGATGGCTGGTTTCCATCAGTTGCTGTTGACT
GTAGCGGCTGATGTTGAACTGGAAGTCGCCGCGCCACTGGTGTGGGCCATAATTC
AATTCGCGCGTCCCGCAGCGCAGACCGTTITTCGCTCGGGAAGACGTACGGGGTAT
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ACATGTCTGACAATGGCAGATCCCAGCGGTCAAAACAGGCGGCAGTAAGGCGGT
CGGGATAGTTTTCTTGCGGCCCTAATCCGAGCCAGTTTACCCGCTCTGCTACCTGC
GCCAGCTGGCAGTTCAGGCCAATCCGCGCCGGATGCGGTGTATCGCTCGCCACTT
CAACATCAACGGTAATCGCCATTTGACCACTACCATCAATCCGGTAGGTTTTCCG
GCTGATAAATAAGGTTTTCCCCTGATGCTGCCACGCGTGAGCGGTCGTAATCAGC
ACCGCATCAGCAAGTGTATCTGCCGTGCACTGCAACAACGCTGCTTCGGCCTGGT
AATGGCCCGCCGCCTTCCAGCGTTCGACCCAGGCGTTAGGGTCAATGCGGGTCGC
TTCACTTACGCCAATGTCGTTATCCAGCGGTGCACGGGTGAACTGATCGCGCAGC
GGCGTCAGCAGTTGTTTTTTATCGCCAATCCACATCTGTGAAAGAAAGCCTGACT
GGCGGTTAAATTGCCAACGCTTATTACCCAGCTCGATGCAAAAATCCATTTCGCT
GGTGGTCAGATGCGGGATGGCGTGGGACGCGGCGGGGAGCGTCACACTGAGGTT
TTCCGCCAGACGCCACTGCTGCCAGGCGCTGATGTGCCCGGCTTCTGACCATGCG
GTCGCGTTCGGTTGCACTACGCGTACTGTGAGCCAGAGTTGCCCGGCGCTCTCCG
GCTGCGGTAGTTCAGGCAGTTCAATCAACTGTTTACCTTGTGGAGCGACATCCAG
AGGCACTTCACCGCTTGCCAGCGGCTTACCATCCAGCGCCACCATCCAGTGCAGG
AGCTCGTTATCGCTATGACGGAACAGGTATTCGCTGGTCACTTCGATGGTTTGCC
CGGATAAACGGAACTGGAAAAACTGCTGCTGGTGTTTTGCTTCCGTCAGCGCTGG
ATGCGGCGTGCGGTCGGCAAAGACCAGACCGTTCATACAGAACTGGCGATCGTT
CGGCGTATCGCCAAAATCACCGCCGTAAGCCGACCACGGGTTGCCGTTTTCATCA
TATTTAATCAGCGACTGATCCACCCAGTCCCAGACGAAGCCGCCCTGTAAACGGG
GATACTGACGAAACGCCTGCCAGTATTTAGCGAAACCGCCAAGACTGTTACCCAT
CGCGTGGGCGTATTCGCAAAGGATCAGCGGGCGCGTCTCTCCAGGTAGCGAAAG
CCATTTTTTGATGGACCATTTCGGCACAGCCGGGAAGGGCTGGTCTTCATCCACG
CGCGCGTACATCGGGCAAATAATATCGGTGGCCGTGGTGTCGGCTCCGCCGCCTT
CATACTGCACCGGGCGGGAAGGATCGACAGATTTGATCCAGCGATACAGCGCGT
CGTGATTAGCGCCGTGGCCTGATTCATTCCCCAGCGACCAGATGATCACACTCGG
GTGATTACGATCGCGCTGCACCATTCGCGTTACGCGTTCGCTCATCGCCGGTAGC
CAGCGCGGATCATCGGTCAGACGATTCATTGGCACCATGCCGTGGGTTTCAATAT
TGGCTTCATCCACCACATACAGGCCGTAGCGGTCGCACAGCGTGTACCACAGCG
GATGGTTCGGATAATGCGAACAGCGCACGGCGTTAAAGTTGTTCTGCTTCATCAG
CAGGATATCCTGCACCATCGTCTGCTCATCCATGACCTGACCATGCAGAGGATGA
TGCTCGTGACGGTTAACGCCTCGAATCAGCAACGGCTTGCCGTTCAGCAGCAGCA
GACCATTTTCAATCCGCACCTCGCGGAAACCGACATCGCAGGCTTCTGCTTCAAT
CAGCGTGCCGTCGGCGGTGTGCAGTTCAACCACCGCACGATAGAGATTCGGGAT
TTCGGCGCTCCACAGTTTCGGGTTTTCGACGTTCAGACGTAGTGTGACGCGATCG
GCATAACCACCACGCTCATCGATAATTTCACCGCCGAAAGGCGCGGTGCCGCTG
GCGACCTGCGTTTCACCCTGCCATAAAGAAACTGTTACCCGTAGGTAGTCACGCA
ACTCGCCGCACATCTGAACTTCAGCCTCCAGTACAGCGCGGCTGAAATCATCATT
AAAGCGAGTGGCAACATGGAAATCGCTGATTTGTGTAGTCGGTTTATGCAGCAA
CGAGACGTCACGGAAAATGCCGCTCATCCGCCACATATCCTGATCTTCCAGATAA
CTGCCGTCACTCCAGCGCAGCACCATCACCGCGAGGCGGTTTTCTCCGGCGCGTA
AAAATGCGCTCAGGTCAAATTCAGACGGCAAACGACTGTCCTGGCCGTAACCGA
CCCAGCGCCCGTTGCACCACAGATGAAACGCCGAGTTAACGCCATCAAAAATAA
TTCGCGTCTGGCCTTCCTGTAGCCAGCTTTCATCAACATTAAATGTGAGCGAGTA
ACAACCCGTCGGATTCTCCGTGGGAACAAACGGCGGATTGACCGTAATGGGATA
GGTCACGTTGGTGTAGATGGGCGCATCGTAACCGTGCATCTGCCAGTTTGAGGGG
ACGACGACAGTATCGGCCTCAGGAAGATCGCACTCCAGCCAGCTTTCCGGCACC
GCTTCTGGTGCCGGAAACCAGGCAAAGCGCCATTCGCCATTCAGGCTGCGCAACT
GTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAG
GGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCAC
GACGTTGTAAAACGACGGCCAGTGAATCCGTAATCATGGTCATagtaggtttcctCAGGT
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TGTGACTGCAAAATAGTGACCTCGCGCAAAATGCACTAATAAAAACAGGGCTGG
CAGGCTAATTCGGGCTTGCCAGCCTTTTTTTGTCTCGCTAAGTTAGATGGCGGATC
GGGCTTGCCCTTATTAAGGGGTGTTGTAAGGGGATGGCTGGCCTGATATAACTGC
TGCGCGTTCGTACCTTGAAGGATTCAAGTGCGATATAAATTATAAAGAGGAAGA
GAAGAGTGAATAAATCTCAATTGATCGACAAGATTGCTGCAGGGGCTGATATCT
CTAAAGCTGCGGCTGGCCGTGCGTTAGATGCTATTATTGCTTCCGTAACTGAATC
TCTGAAAGAAGG

[0079] The nucleic acid sequence that encodes the lacZ protein is set forth below (SEQ ID NO: 20) (the ATG start
codon is underlined and the STOP codon is in bold and underlined):

ATGACCATGATTACGGATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAA
ACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTG
GCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCT
GAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAG
CTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGG
CAGATGCACGGTTACGATGCGCCCATCTACACCAACGTGACCTATCCCATTACGG
TCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTCGCTCACATTT
AATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGC
GTTAACTCGGCGTTTCATCTGTGGTGCAACGGGCGCTGGGTCGGTTACGGCCAGG
ACAGTCGTTTGCCGTCTGAATTTGACCTGAGCGCATTTTTACGCGCCGGAGAAAA
CCGCCTCGCGGTGATGGTGCTGCGCTGGAGTGACGGCAGTTATCTGGAAGATCA
GGATATGTGGCGGATGAGCGGCATTTTCCGTGACGTCTCGTTGCTGCATAAACCG
ACTACACAAATCAGCGATTTCCATGTTGCCACTCGCTTTAATGATGATTTCAGCC
GCGCTGTACTGGAGGCTGAAGTTCAGATGTGCGGCGAGTTGCGTGACTACCTACG
GGTAACAGTTTCTTTATGGCAGGGTGAAACGCAGGTCGCCAGCGGCACCGCGCC
TTTCGGCGGTGAAATTATCGATGAGCGTGGTGGTTATGCCGATCGCGTCACACTA
CGTCTGAACGTCGAAAACCCGAAACTGTGGAGCGCCGAAATCCCGAATCTCTAT
CGTGCGGTGGTTGAACTGCACACCGCCGACGGCACGCTGATTGAAGCAGAAGCC
TGCGATGTCGGTTTCCGCGAGGTGCGGATTGAAAATGGTCTGCTGCTGCTGAACG
GCAAGCCGTTGCTGATTCGAGGCGTTAACCGTCACGAGCATCATCCTCTGCATGG
TCAGGTCATGGATGAGCAGACGATGGTGCAGGATATCCTGCTGATGAAGCAGAA
CAACTTTAACGCCGTGCGCTGTTCGCATTATCCGAACCATCCGCTGTGGTACACG
CTGTGCGACCGCTACGGCCTGTATGTGGTGGATGAAGCCAATATTGAAACCCACG
GCATGGTGCCAATGAATCGTCTGACCGATGATCCGCGCTGGCTACCGGCGATGA
GCGAACGCGTAACGCGAATGGTGCAGCGCGATCGTAATCACCCGAGTGTGATCA
TCTGGTCGCTGGGGAATGAATCAGGCCACGGCGCTAATCACGACGCGCTGTATC
GCTGGATCAAATCTGTCGATCCTTCCCGCCCGGTGCAGTATGAAGGCGGCGGAGC
CGACACCACGGCCACCGATATTATTTGCCCGATGTACGCGCGCGTGGATGAAGA
CCAGCCCTTCCCGGCTGTGCCGAAATGGTCCATCAAAAAATGGCTTTCGCTACCT
GGAGAGACGCGCCCGCTGATCCTTTGCGAATACGCCCACGCGATGGGTAACAGT
CTTGGCGGTTTCGCTAAATACTGGCAGGCGTTTCGTCAGTATCCCCGTTTACAGG
GCGGCTTCGTCTGGGACTGGGTGGATCAGTCGCTGATTAAATATGATGAAAACG
GCAACCCGTGGTCGGCTTACGGCGGTGATTTTGGCGATACGCCGAACGATCGCCA
GTTCTGTATGAACGGTCTGGTCTTTGCCGACCGCACGCCGCATCCAGCGCTGACG
GAAGCAAAACACCAGCAGCAGTTTTTCCAGTTCCGTTTATCCGGGCAAACCATCG
AAGTGACCAGCGAATACCTGTTCCGTCATAGCGATAACGAGCTCCTGCACTGGAT
GGTGGCGCTGGATGGTAAGCCGCTGGCAAGCGGTGAAGTGCCTCTGGATGTCGC
TCCACAAGGTAAACAGTTGATTGAACTGCCTGAACTACCGCAGCCGGAGAGCGC
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CGGGCAACTCTGGCTCACAGTACGCGTAGTGCAACCGAACGCGACCGCATGGTC
AGAAGCCGGGCACATCAGCGCCTGGCAGCAGTGGCGTCTGGCGGAAAACCTCAG
TGTGACGCTCCCCGCCGCGTCCCACGCCATCCCGCATCTGACCACCAGCGAAATG
GATTTTTGCATCGAGCTGGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCT
TTCTTTCACAGATGTGGATTGGCGATAAAAAACAACTGCTGACGCCGCTGCGCGA
TCAGTTCACCCGTGCACCGCTGGATAACGACATTGGCGTAAGTGAAGCGACCCG
CATTGACCCTAACGCCTGGGTCGAACGCTGGAAGGCGGCGGGCCATTACCAGGC
CGAAGCAGCGTTGTTGCAGTGCACGGCAGATACACTTGCTGATGCGGTGCTGATT
ACGACCGCTCACGCGTGGCAGCATCAGGGGAAAACCTTATTTATCAGCCGGAAA
ACCTACCGGATTGATGGTAGTGGTCAAATGGCGATTACCGTTGATGTTGAAGTGG
CGAGCGATACACCGCATCCGGCGCGGATTGGCCTGAACTGCCAGCTGGCGCAGG
TAGCAGAGCGGGTAAACTGGCTCGGATTAGGGCCGCAAGAAAACTATCCCGACC
GCCTTACTGCCGCCTGTTTTGACCGCTGGGATCTGCCATTGTCAGACATGTATACC
CCGTACGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACGCGCGAATTGAATT
ATGGCCCACACCAGTGGCGCGGCGACTTCCAGTTCAACATCAGCCGCTACAGTCA
ACAGCAACTGATGGAAACCAGCCATCGCCATCTGCTGCACGCGGAAGAAGGCAC
ATGGCTGAATATCGACGGTTTCCATATGGGGATTGGTGGCGACGACTCCTGGAGC
CCGTCAGTATCGGCGGAATTCCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGG
TCTGGTGTCAAAAATAA

[0080] Fourth, a thyA (thymidylate synthase) mutation was introduced into the strain by P1 transduction. In the absence
of exogenous thymidine, thyA. strains are unable to make DNA and die. The defect can be complemented in frans by
supplying a wild-type thyA gene on a multicopy plasmid (Belfort, M., Maley, G.F., and Maley, F. (1983). Proc Natl Acad
SciU S A 80, 1858-861). This complementation was used here as a means of plasmid maintenance.

[0081] An additional modification that is useful for increasing the cytoplasmic pool of free lactose (and hence the final
yield of 2’-FL) is the incorporation of a lacA mutation. LacA is a lactose acetyltransferase that is only active when high
levels of lactose accumulate in the E. coli cytoplasm. High intracellular osmolarity (e.g., caused by a high intracellular
lactose pool) can inhibit bacterial growth, and E. coli has evolved a mechanism for protecting itself from high intra cellular
osmlarity caused by lactose by "tagging" excess intracellular lactose with an acetyl group using LacA, and then actively
expelling the acetyl-lactose from the cell (Danchin, A. Bioessays 31, 769-773 (2009)). Production of acetyl-lactose in E.
coli engineered to produce 2’-FL or other human milk oligosaccharides is therefore undesirable: it reduces overall yield.
Moreover, acetyl-lactose is a side product that complicates oligosaccharide purification schemes. The incorporation of
a lacA mutation resolves these problems. Sub-optimal production of fucosylated oligosaccharides occurs in strains
lacking either or both of the mutations in the colanic acid pathway and the lon protease. Diversion of lactose into a side
product (acetyl-lactose) occurs in strains that don’t contain the lacA mutation. A schematic of the /acA deletion and
corresponding genomic sequence is provided above (SEQ ID NO: 13).

[0082] The strain used to test the different a.(1,2) FT candidates incorporates all the above genetic modifications and
has the following genotype: AampC::Ptrchl, A(lacl-lacZ)::FRT, P|ac|q/acY+, AwcaJ::FRT, thyA::Tn10, Alon:(npt3, lacZ*),
AlacA

[0083] The E. coli strains harboring the different o(1,2) FT candidate expression plasmids were analyzed. Strains were
grown in selective media (lacking thymidine) to early exponential phase. Lactose was then added to a final concentration
of 1%, and tryptophan (200 uM) was added to induce expression of each candidate a(1,2) FT from the P, promoter. At
the end of the induction period (-20 h) equivalent OD 600 units of each strain were harvested. Lysates were prepared
and analyzed for the presence of 2'-FL by thin layer chromatography (TLC). As shown in Figure 3A, a control strain
producing FutC-Myc was efficient in the biosynthesis of 2’-FL and also produced a smaller amount of the tetrasaccharide
lactodifucotetraose (LDFT). The previously characterized o(1,2) FT WbsJ from E. coli 0128:B12 was also capable of
catalyzing 2’-FL synthesis, although only at ~30% the level produced by FutC-Myc (Figure 3A, lanes 5 and 6). Wb1A
(derived from V. cholerae 022) was able to promote 2’-FL synthesis, although at a significantly lower level compared to
FutC (Figure 3A, lanes 7 and 8). This result was not unexpected, as V. cholerae 022 does not incorporate fucose into
cell surface glycans (Cox, A.D. et al. (1997). Carbohydr Res 304, 191-208). The strain producing WbgL (derived from
E. coli strain 0126) from plasmid pG204 synthesized a significant amount of 2'-FL, approximately ~75% of the amount
produced by FutC-Myc (Figure 3A, lanes 9 and 10). WbgL was also capable of synthesizing LDFT. The strain producing
FutL (derived from H. mustelae ATCC 43772) from plasmid pG216 was capable of directing the synthesis of robust
amounts of 2’-FL, comparable to the levels obtained utilizing FutC-Myc and WbgL (Figure 3B, lanes 7 and 8). Furthermore,
a strain producing FutN (derived from B. vulgatus ATCC 8482) from plasmid pG217 also produced significant amounts
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of 2’-FL, approximately ~50% the amount produced by FutC-Myc (Figure 3C, lanes 5 and 6). FutN is derived from the
commensal bacterium B. vulgatus, and therefore may not be subject to the same concerns associated with utilization
of an a(1,2) FT obtained from a pathogenic bacterium for the production of a food additive.

[0084] A map of plasmid pG204 is shown in Figure 11. The sequence of plasmid pG204 is set forth below (SEQ ID
NO: 16) (the codon complementary to the ATG start codon for E. coli 0126 WbgL is underlined; and the codon comple-
mentary to the STOP codon is underlined and in bold):
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AATTCTAAAAATTGATTGAATGTATGCAAATAAATGCATACACCATAGGTGTGGT
TTAATTTGATGCCCTTTTTCAGGGCTGGAATGTGTAAGAGCGGGGTTATTTATGCT
GTTGTTTTTTTGTTACTCGGGAAGGGCTTTACCTCTTCCGCATAAACGCTTCCATC
AGCGTTTATAGTTAAAAAAATCTTTCGGAACTGGTTTTGCGCTTACCCCAACCAA
CAGGGGATTTGCTGCTTTCCATTGAGCCTGTTTCTCTGCGCGACGTTCGCGGCGG
CAGTGTTTGTGCATCCATCTGGATTCTCCTGTCAGTTAGCTTTGGTGGTGTGTGGCA
GTTGTAGTCCTGAACGAAAACCCCCCGCGATTGGCACATTGGCAGCTAATCCGGA
ATCGCACTTACGGCCAATGCTTCGTTTCGTATCACACACCCCAAAGCCTTCTGCTT
TGAATGCTGCCCTTCTTCAGGGCTTAATTTTTAAGAGCGTCACCTTCATGGTGGTC
AGTGCGTCCTGCTGATGTGCTCAGTATCACCGCCAGTGGTATTTATGTCAACACC
GCCAGAGATAATTTATCACCGCAGATGGTTATCTGTATGTTTTTTATATGAATTTA
TTTTTTGCAGGGGGGCATTGTTTGGTAGGTGAGAGATCAATTCTGCATTAATGAA
TCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTC
GCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCAC
TCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAAC
ATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCT
GGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCA
AGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCT
GGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTC
CGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATC
TCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGT
TCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTA
AGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCG
AGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACA
CTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAA
AAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTT
TTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCT
TTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGA
TTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAA
ATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTAC
CAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCAT
AGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCT
GGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTAT
CAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTT
TATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTC
GCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCA
CGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAG
TTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGAT
COGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTG
CATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTA
CTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCG
GCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATC
ATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT
CCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTC
ACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGG
AATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTAT
TGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTT
AGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTG
ACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCAC
GAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATG
CAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAA
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GCCCGTCAGGGCGCGETCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTAACTAT
GCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATGCGGTGTGAAATAC
CGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCTCCTCAACCTGTATA
TTCGTAAACCACGCCCAATGGGAGCTGTCTCAGGTTTGTTCCTGATTGGTTACGG
CGCOGTTTCGCATCATTGTTGAGTTTTTCCGCCAGCCCGACGCGCAGTTTACCGGTG
CCTGGGTGCAGTACATCAGCATGGGGCAAATTCTTTCCATCCCGATGATTGTCGC
GGGATGTGATCATGATGGTCTGGGCATATCGTCGCAGCCCACAGCAACACGTTTCC
TGAGGAACCATGAAACAGTATTTAGAACTGATGCAAAAAGTGCTCGACGAAGGC
ACACAGAAAAACGACCGTACCGGAACCGGAACGCTTTCCATTTTTIGGTCATCAG
ATGCGTTTTAACCTGCAAGATGGATTCCCGCTGGTGACAACTAAACGTTGCCACC
TGCGTTCCATCATCCATGAACTGCTGTGGTTTCTGCAGGGCGACACTAACATTGC
TTATCTACACGAAAACAATGTCACCATCTGGGACGAATGGGCCGATGAAAACGG
CGACCTCGGGCCAGTGTATGGTAAACAGTGGCGCGCCTGGCCAACGCCAGATGG
TCGTCATATTGACCAGATCACTACGGTACTGAACCAGCTGAAAAACGACCCGGA
TTCGCGCCGCATTATTGTTTCAGCGTGGAACGTAGGCGAACTGGATAAAATGGCG
CTGGCACCGTGCCATGCATTCTTCCAGTTCTATGTGGCAGACGGCAAACTCTCTT
GCCAGCTTTATCAGCGCTCCTGTGACGTCTTCCTCGGCCTGCCGTTCAACATTGCC
AGCTACGCGTTATTGGTGCATATGATGGCGCAGCAGTGCGATCTGGAAGTGGGT
GATTTTGTCTGGACCGGTGGCGACACGCATCTGTACAGCAACCATATGGATCAAA
CTCATCTGCAATTAAGCCGCGAACCGCGTCCGCTGCCGAAGTTGATTATCAAACG
TAAACCCGAATCCATCTTCGACTACCGTTTCGAAGACTTTGAGATTGAAGGCTAC
GATCCGCATCCGGGCATTAAAGCGCCGGTGGCTATCTAATTACGAAACATCCTGC
CAGAGCCGACGCCAGTGTGCGTCGGTTTTTTTACCCTCCGTTAAATTCTTCGAGA
CGCCTTCCCGAAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCG
ATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCA
AGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACG
ACGGCCAGTGCCAAGCTTTCTTTAATGAAGCAGGGCATCAGGACGGTATCTTTGT
GGAGAAAGCAGAGTAATCTTATTCAGCCTGACTGGTGGGAAACCACCAGTCAGA
ATGTGTTAGCGCATGTTGACAAAAATACCATTAGTCACATTATCCGTCAGTCGGA
CGACATGGTAGATAACCTGTTTATTATGCGTTTTGATCTTACGTTTAATATTACCT
TTATGCGATGAAACGGTCTTGGCTTTGATATTCATTTGGTCAGAGATTTGAATGG
TTCCCTGACCTGCCATCCACATTCGCAACATACTCGATTCGGTTCGGCTCAATGAT
AACGTCGGCATATTTAAAAACGAGGTTATCGTTGTCTCTTTTTTCAGAATATCGCC
AAGGATATCGTCGAGAGATTCCGGTTTAATCGATTTAGAACTGATCAATAAATTT
TTTCTGACCAATAGATATTCATCAAAATGAACATTGGCAATTGCCATAAAAACGA
TAAATAACGTATTGGGATGTTGATTAATGATGAGCTTGATACGCTGACTGTTAGA
AGCATCGTGGATGAAACAGTCCTCATTAATAAACACCACTGAAGGGCGCTGTGA
ATCACAAGCTATGGCAAGGTCATCAACGGTTTCAATGTCGTTGATTTCTCTTTTTT
TAACCCCTCTACTCAACAGATACCCGGTTAAACCTAGTCGGGTGTAACTACATAA
ATCCATAATAATCGTTGACATGGCATACCCTCACTCAATGCGTAACGATAATTCC
CCTTACCTGAATATTTCATCATGACTAAACGGAACAACATGGGTCACCTAATGCG
CCACTCTCGCGATTTTTCAGGCGGACTTACTATCCCGTAAAGTGTTGTATAATTTG
CCTGGAATTGTCTTAAAGTAAAGTAAATGTTGCGATATGTGAGTGAGCTTAAAAC
AAATATTTCGCTGCAGGAGTATCCTGGAAGATGTTCGTgAGAAGCTTACTGCTCA
CAAGAAAAAAGGCACGTCATCTGACGTGCCTTTTTTATTTGTACTACCCTGTACG
ATTACTGCAGCTCGAGCTAACACGAGCTATGTTTATCCACGTTTATCCAGTGATT
GACTATGGGGATATAAGTATTTTTTGGAGTTATATCGTACCAAGGAGTAGGATAA
ATAACAATCTGTGACGCTGATGTACCTAAATAAGCCCCCCACCAACTAAAACTAC
TATTCGCTATAATATGATGGTTAGCTAAGCTCATTAACCATAAATCTTCTTCTTGT
GATAAATCTTCTGAATAATATATATTATATTITITACTGAGTAATGTTTCGATATT
TTCTTTACACCAAAAAATATCATCACTGAAAATAAACACGTCACGTATCATTGCC
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AAATCGCGTATTTTATTTAAAGCTTTTTTGTAATACTCTAACGAACAAACGCCAT
GAGTTAAAGTAGCTGTTTTGTTITTTATATAATCTCCTCTTCTTATATGAATAGAA
AGTGATGATTGAGATTCAAGAATTTTTGCTGCAAGTAAATTTGCTTGTTCAGACA
CATTCTTTGGAATAAAAAATTCTTTTAGATCTAATATATGTTTATGGAAAAAGTG
CTCAGATTGCCAATACCCTATATATTTTTTGGATTTCCATTTTTGCGCTATATATTC
AAAATCATAACCATAGGCATGAAATTCATTGCAAAAACCTAAAAAAAGAAAGAT
TTCAGGATATAATCTTGACCCACGAACCAAAAATTTATAAATATTATTAATTTTT
GGTGTGTAATACTGTAAATATTCCTCTGGAATTTGTAGATTGTTTAGCCTGTAACC
ACCATGATCATCATTTTCAGCATAATGACTTATATCAAAATATAATGGTGTCCCA
TTAATTTTGGAAAGCGCATACCCAAATGAGAACTGAAAAAGTTGATTTCCAAGTC
CGCCTTGTAATCTTATAATAGACATTATATCTCCTTCTTG

[0085] The nucleic acid sequence that encodes E. coli O126 WbgL protein from plasmid G204 is set forth below (SEQ
ID NO: 21) (the ATG start codon is underlined and the STOP codon is in bold and underlined):

ATGTCTATTATAAGATTACAAGGCGGACTTGGAAATCAACTTTTTCAGTTCTCATT
TGGGTATGCGCTTTCCAAAATTAATGGGACACCATTATATTTTGATATAAGTCAT
TATGCTGAAAATGATGATCATGGTGGTTACAGGCTAAACAATCTACAAATTCCAG
AGGAATATTTACAGTATTACACACCAAAAATTAATAATATTTATAAATTTTTGGT
TCGTGGGTCAAGATTATATCCTGAAATCTTTCTTTTTTTAGGTTTTTGCAATGAAT
TTCATGCCTATGGTTATGATTTTGAATATATAGCGCAAAAATGGAAATCCAAAAA
ATATATAGGGTATTGGCAATCTGAGCACTTTTTCCATAAACATATATTAGATCTA
AAAGAATTTTTTATTCCAAAGAATGTGTCTGAACAAGCAAATTTACTTGCAGCAA
AAATTCTTGAATCTCAATCATCACTTTCTATTCATATAAGAAGAGGAGATTATAT
AAAAAACAAAACAGCTACTTTAACTCATGGCGTTTGTTCGTTAGAGTATTACAAA
AAAGCTTTAAATAAAATACGCGATTTGGCAATGATACGTGACGTGTTTATTTTCA
GTGATGATATTTTTTGGTGTAAAGAAAATATCGAAACATTACTCAGTAAAAAATA
TAATATATATTATTCAGAAGATTTATCACAAGAAGAAGATTTATGGTTAATGAGC
TTAGCTAACCATCATATTATAGCGAATAGTAGTTTTAGTTGGTGGGGGGCTTATT
TAGGTACATCAGCGTCACAGATTGTTATTTATCCTACTCCTTGGTACGATATAACT
CCAAAAAATACTTATATCCCCATAGTCAATCACTGGATAAACGTGGATAAACATA
GCTCGTGTTAG

[0086] A map of plasmid pG216 is shown in Figure 9. The sequence of plasmid pG216 is set forth below (SEQ ID NO:
17) (the codon complementary to the 5’ ATG start codon for H. mustelae FutL is underlined, and the codon complementary
to the STOP codon is in bold and underlined):

TCTAGAATTCTAAAAATTGATTGAATGTATGCAAATAAATGCATACACCA
TAGGTGTGGTTTAATTTGATGCCCTTTTTCAGGGCTGGAATGTGTAAGAGCGGGG
TTATTTATGCTGTTGTTTTTTTGTTACTCGGGAAGGGCTTTACCTCTTCCGCATAA
ACGCTTCCATCAGCGTTTATAGTTAAAAAAATCTTTCGGAACTGGTTTTGCGCTTA
CCCCAACCAACAGGGGATTTGCTGCTTTCCATTGAGCCTGTTTCTCTGCGCGACG
TTCGCGGCGGCGTGTTTGTGCATCCATCTGGATTCTCCTGTCAGTTAGCTTTGGTG
GTGTGTGGCAGTTGTAGTCCTGAACGAAAACCCCCCGCGATTGGCACATTGGCAG
CTAATCCGGAATCGCACTTACGGCCAATGCTTCGTTTCGTATCACACACCCCAAA
GCCTTCTGCTTTGAATGCTGCCCTTCTTCAGGGCTTAATTTTTAAGAGCGTCACCT
TCATGGTGGTCAGTGCGTCCTGCTGATGTGCTCAGTATCACCGCCAGTGGTATTT
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ATGTCAACACCGCCAGAGATAATTTATCACCGCAGATGGTTATCTGTATGTTTTTT
ATATGAATTTATTTTTTGCAGGGGGGCATTGTTTGGTAGGTGAGAGATCAATTCT
GCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTC
TTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCG
GTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAAC
GCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAA
GGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAA
AATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAG
GCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTAC
CGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCA
CGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAG
TCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGG
ATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCT
AACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAG
TTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGG
TAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCT
CAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT
CACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCT
TTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGG
TCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTAT
TTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGA
GGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCG
GCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGT
GGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTA
GAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGG
CATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAAC
GATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTT
CGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTT
ATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGT
GACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAG
TTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTA
AAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTAC
CGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGC
ATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCC
GCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTT
TTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT
TGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAA
AGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAAT
AGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACC
TCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGG
GAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTG
GCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATGCGGT
GTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCTCCTCA
ACCTGTATATTCGTAAACCACGCCCAATGGGAGCTGTCTCAGGTTTGTTCCTGAT
TGGTTACGGCGCGTTTCGCATCATTGTTGAGTTTTITCCGCCAGCCCGACGCGCAG
TTTACCGGTGCCTGGGTGCAGTACATCAGCATGGGGCAAATTCTTTCCATCCCGA
TGATTGTCGCGGGTGTGATCATGATGGTCTGGGCATATCGTCGCAGCCCACAGCA
ACACGTTTCCTGAGGAACCATGAAACAGTATTTAGAACTGATGCAAAAAGTGCT
CGACGAAGGCACACAGAAAAACGACCGTACCGGAACCGGAACGCTTTCCATTIT
TGGTCATCAGATGCGTTTITAACCTGCAAGATGGATTCCCGCTGGTGACAACTAAA
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CGTTGCCACCTGCGTTCCATCATCCATGAACTGCTGTGGTTTCTGCAGGGCGACA
CTAACATTGCTTATCTACACGAAAACAATGTCACCATCTGGGACGAATGGGCCGA
TGAAAACGGCGACCTCGGGCCAGTGTATGGTAAACAGTGGCGCGCCTGGCCAAC
GCCAGATGGTCGTCATATTGACCAGATCACTACGGTACTGAACCAGCTGAAAAA
CGACCCGGATTCGCGCCGCATTATTGTTTCAGCGTGGAACGTAGGCGAACTGGAT
AAAATGGCGCTGGCACCGTGCCATGCATTCTTCCAGTTCTATGTGGCAGACGGCA
AACTCTCTTGCCAGCTTTATCAGCGCTCCTGTGACGTCTTCCTCGGCCTGCCGTTC
AACATTGCCAGCTACGCGTTATTGGTGCATATGATGGCGCAGCAGTGCGATCTGG
AAGTGGGTGATTTTGTCTGGACCGGTGGCGACACGCATCTGTACAGCAACCATAT
GGATCAAACTCATCTGCAATTAAGCCGCGAACCGCGTCCGCTGCCGAAGTTGATT
ATCAAACGTAAACCCGAATCCATCTTCGACTACCGTTTCGAAGACTTTGAGATTG
AAGGCTACGATCCGCATCCGGGCATTAAAGCGCCGGTGGCTATCTAATTACGAA
ACATCCTGCCAGAGCCGACGCCAGTGTGCGTCGGTTTTTTTACCCTCCGTTAAATT
CTTCGAGACGCCTTCCCGAAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGG
GAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGA
TGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTITCCCAGTCACGACGTT
GTAAAACGACGGCCAGTGCCAAGCTTTCTTTAATGAAGCAGGGCATCAGGACGG
TATCTTTGTGGAGAAAGCAGAGTAATCTTATTCAGCCTGACTGGTGGGAAACCAC
CAGTCAGAATGTGTTAGCGCATGTTGACAAAAATACCATTAGTCACATTATCCGT
CAGTCGGACGACATGGTAGATAACCTGTTTATTATGCGTTTTGATCTTACGTITAA
TATTACCTTTATGCGATGAAACGGTCTTGGCTTTGATATTCATTTGGTCAGAGATT
TGAATGGTTCCCTGACCTGCCATCCACATTCGCAACATACTCGATTCGGTTCGGC
TCAATGATAACGTCGGCATATTTAAAAACGAGGTTATCGTTGTCTCTTTTTTCAGA
ATATCGCCAAGGATATCGTCGAGAGATTCCGGTTTAATCGATTTAGAACTGATCA
ATAAATTTTTTCTGACCAATAGATATTCATCAAAATGAACATTGGCAATTGCCAT
AAAAACGATAAATAACGTATTGGGATGTTGATTAATGATGAGCTTGATACGCTG
ACTGTTAGAAGCATCGTGGATGAAACAGTCCTCATTAATAAACACCACTGAAGG
GCGCTGTGAATCACAAGCTATGGCAAGGTCATCAACGGTTTCAATGTCGTTGATT
TCTCTTTTTTTAACCCCTCTACTCAACAGATACCCGGTTAAACCTAGTCGGGTGTA
ACTACATAAATCCATAATAATCGTTGACATGGCATACCCTCACTCAATGCGTAAC
GATAATTCCCCTTACCTGAATATTTCATCATGACTAAACGGAACAACATGGGTCA
CCTAATGCGCCACTCTCGCGATTTTTCAGGCGGACTTACTATCCCGTAAAGTGTT
GTATAATTTGCCTGGAATTGTCTTAAAGTAAAGTAAATGTTGCGATATGTGAGTG
AGCTTAAAACAAATATTTCGCTGCAGGAGTATCCTGGAAGATGTTCGTAGAAGCT
TACTGCTCACAAGAAAAAAGGCACGTCATCTGACGTGCCTTTTTTATTTGTACTA
CCCTGTACGATTACTGCAGCTCGAGTTAGGATTTCGTTTCGAATTGGGATTCGAT
TTTAACCCAGTCTTTGCACAGGATGTTITTCGTTACCGTAAATCCAGTGGGACGGA
CCAATGATAATTTTTTCCGGATTTTTGATCAGGTAGGCTGCCCACCAGGAGTAAG
TGCTGTTAGTGATGATACCGTGTTTGCAAGACTGCATCAGCATCATGTCCCAGTG
GGCTGCACCATCACGCGTCGTCATGTCAACAAACGGGTAACCCAGATCCAGGTTC
TGTACGAATTCCAGATCCTCGCAGAACAGGAACAGTTCCAGATTTTGAACACGTT
TTGCCATATACGCAATGGCGCGCAGCTGGTAGGAGATGTCCAGCTGCCAGCCCA
GGCGCATGTAATCGCCACGGCGGATGTGAACGAACACAGAGTTTTTCGCAGCCA
GGATCTGGGACAGTTTACGAGAGTACTGTTCCGCGTGTTCGGTCGGGTGAGGCAG
GGTGAAAGTTTGTTTGATCAGAGGGGAGATATCTTCGAAATAGCGCGGGTCCTG
AAAGTAGCCATGGAAATACGCAATGCGGCTCGGTTCAAACAGTTCCGGCATGTA
CTCGAATACAATTTCTTTGCTAACGCGGCCCAGACCCATACGACGCAGTGCACCA
CGCACCAGACGCGGCAGGTTCTGCATGTGTGCCGCGGCGATCTGCTGGGCGGAC
GCACACTGCAGGTCGATCGGGAACAGGTGCAGGCCCAGTTCACGGTTACCGTAA
TCGAACCAAGTGGTATCCAGCAGTACCGGAATGTTCAGGTGAGTCTGCAGAGAT
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TTAGCGAATGCGTACTGGAACATCTGGTTACCCAGGCCGCCGTGCACCTGAACGA
TTTTGAAATCCATTATATCTCCTTCTTG

(]

[0087] The nucleic acid sequence that encodes H. mustelae FutL protein from plasmid pG216 is set forth below (SEQ
ID NO: 22) (the ATG start codon is underlined and the STOP codon is in bold and underlined):

ATGGATTTCAAAATCGTTCAGGTGCACGGCGGCCTGGGTAACCAGATGTTCCAGT
10 ACGCATTCGCTAAATCTCTGCAGACTCACCTGAACATTCCGGTACTGCTGGATAC
CACTTGGTTCGATTACGGTAACCGTGAACTGGGCCTGCACCTGTTCCCGATCGAC
CTGCAGTGTGCGTCCGCCCAGCAGATCGCCGCGGCACACATGCAGAACCTGCCG
CAGTCTGGTGCGTGGTGCACTGCGTCGTATGGGTCTGGGCCGCGTTAGCAAAGAAA
TTGTATTCGAGTACATGCCGGAACTGTTTGAACCGAGCCGCATTGCGTATTTCCA
TGGCTACTTTCAGGACCCGCGCTATTTCGAAGATATCTCCCCTCTGATCAAACAA
ACTTTCACCCTGCCTCACCCGACCGAACACGCGGAACAGTACTCTCGTAAACTGT
CCCAGATCCTGGCTGCGAAAAACTCTGTGTTCGTTCACATCCGCCGTGGCGATTA
CATGCGCCTGGGCTGGCAGCTGGACATCTCCTACCAGCTGCGCGCCATTGCGTAT
20 ATGGCAAAACGTGTTCAAAATCTGGAACTGTTCCTGTTCTGCGAGGATCTGGAAT
TCGTACAGAACCTGGATCTGGGTTACCCGTTTGTTGACATGACGACGCGTGATGG
TGCAGCCCACTGGGACATGATGCTGATGCAGTCTTGCAAACACGGTATCATCACT
AACAGCACTTACTCCTGGTGGGCAGCCTACCTGATCAAAAATCCGGAAAAAATT
ATCATTGGTCCGTCCCACTGGATTTACGGTAACGAAAACATCCTGTGCAAAGACT
GGGTTAAAATCGAATCCCAATTCGAAACGAAATCCTAA

15

25

[0088] A map of plasmid pG217 is shown in Figure 10. The sequence of plasmid pG217 is set forth below (SEQ ID
NO: 18) (the codon complementary to the 5° ATG start codon for B. vulgatus FutN is underlined, and the codon com-
30 plementary to the STOP codon is in bold and underlined):

TCTAGAATTCTAAAAATTGATTGAATGTATGCAAATAAATGCATACACCATAGGT
GTGGTTTAATTTGATGCCCTTTTTCAGGGCTGGAATGTGTAAGAGCGGGGTTATT
35 TATGCTGTTGTTTTTTTGTTACTCGGGAAGGGCTTTACCTCTTCCGCATAAACGCT
TCCATCAGCGTTTATAGTTAAAAAAATCTTTCGGAACTGGTTTTGCGCTTACCCCA
ACCAACAGGGGATTTGCTGCTTTCCATTGAGCCTGTTTCTCTGCGCGACGTTCGC
GGCGGCGTGTTTGTGCATCCATCTGGATTCTCCTGTCAGTTAGCTTTGGTGGTGTG
TGGCAGTTGTAGTCCTGAACGAAAACCCCCCGCGATTGGCACATTGGCAGCTAAT
CCGGAATCGCACTTACGGCCAATGCTTCGTTTCGTATCACACACCCCAAAGCCTT
CTGCTTTGAATGCTGCCCTTCTTCAGGGCTTAATTTTTAAGAGCGTCACCTTCATG
GTGGTCAGTGCGTCCTGCTGATGTGCTCAGTATCACCGCCAGTGGTATTTATGTC
AACACCGCCAGAGATAATTTATCACCGCAGATGGTTATCTGTATGTTTTITATAT
45 GAATTTATTTTTTGCAGGGGGGCATTGTTTGGTAGGTGAGAGATCAATTCTGCAT
TAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCC
GCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTAT
CAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAG
GAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCC
GCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATC
GACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGA
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TACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTG
TAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAA
CCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCA
ACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTA
GCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACT
ACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTAC
CTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAG
CGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAA
GAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC
GTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTT
AAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCT
GACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTC
GTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGG
CTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCT
CCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGT
CCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAG
TAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCAT
CGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGAT
CAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGG
TCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATG
GCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGAC
TGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGC
TCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAA
GTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGC
TGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATC
TTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCA
AAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTC
AATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGA
ATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGT
GCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGG
CGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCT
GACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGA
GCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGETGTCGGGGCTGGC
TTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATGCGGTGT
GAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCTCCTCAAC
CTGTATATTCGTAAACCACGCCCAATGGGAGCTGTCTCAGGTTTGTTCCTGATTG
GTTACGGCGCGTTTCGCATCATTGTTGAGTTTTTCCGCCAGCCCGACGCGCAGTTT
ACCGGTGCCTGGGTGCAGTACATCAGCATGGGGCAAATTCTTTCCATCCCGATGA
TTGTCGCGGGTGTGATCATGATGGTCTGGGCATATCGTCGCAGCCCACAGCAACA
COTTTCCTGAGGAACCATGAAACAGTATTTAGAACTGATGCAAAAAGTGCTCGA
CGAAGGCACACAGAAAAACGACCGTACCGGAACCGGAACGCTTTCCATTTTTGG
TCATCAGATGCGTTTTAACCTGCAAGATGGATTCCCGCTGGTGACAACTAAACGT
TGCCACCTGCGTTCCATCATCCATGAACTGCTGTGGTTTCTGCAGGGCGACACTA
ACATTGCTTATCTACACGAAAACAATGTCACCATCTGGGACGAATGGGCCGATG
AAAACGGCGACCTCGGGCCAGTGTATGGTAAACAGTGGCGCGCCTGGCCAACGC
CAGATGGTCGTCATATTGACCAGATCACTACGGTACTGAACCAGCTGAAAAACG
ACCCGGATTCGCGCCGCATTATTGTTTCAGCGTGGAACGTAGGCGAACTGGATAA
AATGGCGCTGGCACCGTGCCATGCATTCTTCCAGTTCTATGTGGCAGACGGCAAA
CTCTCTTGCCAGCTTTATCAGCGCTCCTGTGACGTCTTCCTCGGCCTGCCGTTCAA
CATTGCCAGCTACGCGTTATTGGTGCATATGATGGCGCAGCAGTGCGATCTGGAA
GTGGGTGATTTTGTCTGGACCGGTGGCGACACGCATCTGTACAGCAACCATATGG
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ATCAAACTCATCTGCAATTAAGCCGCGAACCGCGTCCGCTGCCGAAGTTGATTAT
CAAACGTAAACCCGAATCCATCTTCGACTACCGTTTCGAAGACTTTGAGATTGAA
GGCTACGATCCGCATCCGGGCATTAAAGCGCCGGTGGCTATCTAATTACGAAAC
ATCCTGCCAGAGCCGACGCCAGTGTGCGTCGGTTTTTTTACCCTCCGTTAAATTCT
TCGAGACGCCTTCCCGAAGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGA
AGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATG
TGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGT
AAAACGACGGCCAGTGCCAAGCTTTCTTTAATGAAGCAGGGCATCAGGACGGTA
TCTTTGTGGAGAAAGCAGAGTAATCTTATTCAGCCTGACTGGTGGGAAACCACCA
GTCAGAATGTGTTAGCGCATGTTGACAAAAATACCATTAGTCACATTATCCGTCA
GTCGGACGACATGGTAGATAACCTGTTTATTATGCGTTTTGATCTTACGTTTAATA
TTACCTTTATGCGATGAAACGGTCTTGGCTTTGATATTCATTTGGTCAGAGATTTG
AATGGTTCCCTGACCTGCCATCCACATTCGCAACATACTCGATTCGGTTCGGCTC
AATGATAACGTCGGCATATTTAAAAACGAGGTTATCGTTGTCTCTTTTTTCAGAA
TATCGCCAAGGATATCGTCGAGAGATTCCGGTTTAATCGATTTAGAACTGATCAA
TAAATTTTTTCTGACCAATAGATATTCATCAAAATGAACATTGGCAATTGCCATA
AAAACGATAAATAACGTATTGGGATGTTGATTAATGATGAGCTTGATACGCTGAC
TGTTAGAAGCATCGTGGATGAAACAGTCCTCATTAATAAACACCACTGAAGGGC
GCTGTGAATCACAAGCTATGGCAAGGTCATCAACGGTTTCAATGTCGTTGATTTC
TCTTTTTTTAACCCCTCTACTCAACAGATACCCGGTTAAACCTAGTCGGGTGTAAC
TACATAAATCCATAATAATCGTTGACATGGCATACCCTCACTCAATGCGTAACGA
TAATTCCCCTTACCTGAATATTTCATCATGACTAAACGGAACAACATGGGTCACC
TAATGCGCCACTCTCGCGATTTTTCAGGCGGACTTACTATCCCGTAAAGTGTTGT
ATAATTTGCCTGGAATTGTCTTAAAGTAAAGTAAATGTTGCGATATGTGAGTGAG
CTTAAAACAAATATTTCGCTGCAGGAGTATCCTGGAAGATGTTCGTAGAAGCTTA
CTGCTCACAAGAAAAAAGGCACGTCATCTGACGTGCCTTTTTTATTTGTACTACC
CTGTACGATTACTGCAGCTCGAGTTAGGATACCGGCACTTTGATCCAACCAGTCG
GGTAGATATCCGGTGCTTCGGAGTGCTGGAACCAACGGCTCGGCACAATAACAG
TCTTATCCATATTAGGGTTCAGCCAGGCACCCCACCAAGAAAACGTGCTGTTACA
AATGATGTGATGTTTGCAATGAGACATCAGCATCATATCCTGCCAGGAGTCTTCA
TCAGTGTTCCAGTCAATATAAACCGCATTCTGCAGTGGCAGATTTTCTTTAACCC
ACGCGATATCGTCGGAGAAGATATAGTAAGATGGGCTAGCAACACGACGGGACA
TTTCCGCGATAGCATTCTGGTAATACGGCAGCTGGCACACGGAACCGGTAGTAGC
CCAGTGTTTCGGCTGCAGATAGTCACCACGACGAATGTGCAGGGAAACCGCGTTT
TCATCTTTGTCCAGGATTTCCAGCATGTTCAGGCTGCGGGAATTTGCTTTGTTCTT
ATCAAAGGTGAAGGATTCACGCACTTCGTCTTTGATATCAGCGAAGAAACGCTCG
CTCTGATAGAAACCTTTAAAGTACAGCAGCGGCCAGAAATACTTCTTCTCGAACG
CACGCAGAGAGTTCGGCGCCTGCTTGCGTTCGTAGATTTTTTTAAAAAACAGGAA
TTCGATAACTTTTTTCAGCGGTTGGTTGATGCAGAATTCGGTGTGCGGCAGGTTG
AACACGCGGTGCATTTCGTAACCGTAATGGACTTTGTAATGCATCATGTCGCTCA
GGTCGATACGGACCTTCGGGTAATACTTTTTCATACGCAGATAGAAAGCATAGAT
AAACATCTGGTTGCCCAGACCGCCAGTCACTTTGATCAGACGCATTATATCTCCT
TCTTG

ATGCGTCTGATCAAAGTGACTGGCGGTCTGGGCAACCAGATGTTTATCTATGCTT
TCTATCTGCGTATGAAAAAGTATTACCCGAAGGTCCGTATCGACCTGAGCGACAT
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GATGCATTACAAAGTCCATTACGGTTACGAAATGCACCGCGTGTTCAACCTGCCG
CACACCGAATTCTGCATCAACCAACCGCTGAAAAAAGTTATCGAATTCCTGTTTT
TTAAAAAAATCTACGAACGCAAGCAGGCGCCGAACTCTCTGCGTGCGTTCGAGA
AGAAGTATTTCTGGCCGCTGCTGTACTTTAAAGGTTTCTATCAGAGCGAGCGTTT
CTTCGCTGATATCAAAGACGAAGTGCGTGAATCCTTCACCTTTGATAAGAACAAA
GCAAATTCCCGCAGCCTGAACATGCTGGAAATCCTGGACAAAGATGAAAACGCG
GTTTCCCTGCACATTCGTCGTGGTGACTATCTGCAGCCGAAACACTGGGCTACTA
CCGGTTCCGTGTGCCAGCTGCCGTATTACCAGAATGCTATCGCGGAAATGTCCCG
TCGTGTTGCTAGCCCATCTTACTATATCTTCTCCGACGATATCGCGTGGGTTAAAG
AAAATCTGCCACTGCAGAATGCGGTTTATATTGACTGGAACACTGATGAAGACTC
CTGGCAGGATATGATGCTGATGTCTCATTGCAAACATCACATCATTTGTAACAGC
ACGTTTTCTTGGTGGGGTGCCTGGCTGAACCCTAATATGGATAAGACTGTTATTG
TGCCGAGCCGTTGGTTCCAGCACTCCGAAGCACCGGATATCTACCCGACTGGTTG
GATCAAAGTGCCGGTATCCTAA

[0090] Fucosylated oligosaccharides produced by metabolically engineered E. coli cells are purified from culture broth
post-fermentation. An exemplary procedure comprises five steps. (1) Clarification: Fermentation broth is harvested and
cells removed by sedimentation in a preparative centrifuge at 6000 x g for 30 min. Each bioreactor run yields about 5-7
L of partially clarified supernatant. (2) Product capture on coarse carbon : A column packed with coarse carbon (Calgon
12x40 TR) of ~1000 ml volume (dimension 5 cm diameter x 60 cm length) is equilibrated with 1 column volume (CV) of
water and loaded with clarified culture supernatant at a flow rate of 40 ml/min. This column has a total capacity of about
120 g of sugar. Following loading and sugar capture, the column is washed with 1.5 CV of water, then eluted with 2.5
CV of 50% ethanol or 25% isopropanol (lower concentrations of ethanol at this step (25-30%) may be sufficient for
product elution.) This solvent elution step releases about 95% of the total bound sugars on the column and a small
portion of the color bodies. In this first step capture of the maximal amount of sugar is the primary objective. Resolution
of contaminants is not an objective. (3) Evaporation: A volume of 2.5 L of ethanol or isopropanol eluate from the capture
column is rotary-evaporated at 56 C° and a sugar syrup in water is generated. Alternative methods that could be used
for this step include lyophilization or spray-drying. (4) Flash chromatography on fine carbon and ion exchange media:
A column (GE Healthcare HiScale50/40, 5x40cm, max pressure 20 bar) connected to a Biotage Isolera One FLASH
Chromatography System is packed with 750 ml of a Darco Activated Carbon G60 (100-mesh): Celite 535 (coarse) 1:1
mixture (both column packings were obtained from Sigma). The column is equilibrated with 5 CV of water and loaded
with sugar from step 3 (10-50 g, depending on the ratio of 2’-FL to contaminating lactose), using either a celite loading
cartridge or direct injection. The column is connected to an evaporative light scattering (ELSD) detector to detect peaks
of eluting sugars during the chromatography. A four-step gradient of isopropanol, ethanol or methanol is run in order to
separate 2’-FL from monosaccharides (if present), lactose and color bodies. Fractions corresponding to sugar peaks
are collected automatically in 120-ml bottles, pooled and directed to step 5. In certain purification runs from longer-than-
normal fermentations, passage of the 2’-FL-containing fraction through anion-exchange and cation exchange columns
can remove excess protein/DNA/caramel body contaminants. Resins tested successfully for this purpose are Dowex 22
[0091] The identity of the major oligosaccharide synthesized by WbgL was tested and confirmed to be bona fide 2’-
Fl.. Oligosaccharides synthesized in the WbgL strain were immobilized on a carbon column, eluted and resuspended
in distilled water. This material was subjected to overnight digestion with fucosidases of different specificities, and the
reactions were analyzed by TLC. As shown in Figure 4, the untreated material consisted primarily of an oligosaccharide
with the same mobility as the 2’-FL standard (lane 1). Treatment with o.1,2 fucosidase yielded both lactose and fucose,
while the presumptive 2’-FL spot was significantly diminished in staining intensity (lane 2). Treatment of the oligosac-
charides with an a1,3-4 fucosidase had no effect. These results demonstrate that WbgL is capable of the biosynthesis
of bona fide 2’-FL in metabolically engineered E. coli.

[0092] The gene screening approach was successfully utilized to identify new a(1,2) FTs for the efficient biosynthesis
of 2’-FL in metabolically engineered E. coli host strains. The results of the screen are summarized in Table 1. Specifically,
WhbgL and FutL both direct the synthesis of 2’-FL at approximately 75% the levels attained by the previously characterized
o(1,2) FT FutC. In addition, WbgL also was capable of synthesizing LDFT, which is another therapeutically useful HMO.
Furthermore, FutN from the commensal enteric bacterium B. vulgatus was identified as another a.(1,2) FT useful for the
synthesis of fucosylated oligosaccharides. The approach described herein is useful in the analysis of additional candidate
o(1,2) FTs and identifies additional enzymes that are useful for the large-scale production of HMOS.
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Production Host Strains

[0093] E.coliK-12is a well-studied bacterium which has been the subject of extensive research in microbial physiology
and genetics and commercially exploited for a variety of industrial uses. The natural habitat of the parent species, E.
coli, is the large bowel of mammals. E. coli K-12 has a history of safe use, and its derivatives are used in a large number
of industrial applications, including the production of chemicals and drugs for human administration and consumption.
E. coli K-12 was originally isolated from a convalescent diphtheria patient in 1922. Because it lacks virulence charac-
teristics, grows readily on common laboratory media, and has been used extensively for microbial physiology and genetics
research, it has become the standard bacteriological strain used in microbiological research, teaching, and production
of products for industry and medicine. E. coli K-12 is now considered an enfeebled organism as a result of being
maintained in the laboratory environment for over 70 years. As a result, K-12 strains are unable to colonize the intestines
of humans and other animals under normal conditions. Additional information on this well known strain is available at
http://epa.gov/oppt/biotech/pubs/fra/fra004.htm. In addition to E. coli K12, other bacterial strains are used as production
host strains, e.g., a variety of bacterial species may be used in the oligosaccharide biosynthesis methods, e.g., Erwinia
herbicola (Pantoea agglomerans), Citrobacterfreundii, Pantoea citrea, Pectobacterium carotovorum, or Xanthomonas
campestris. Bacteria of the genus Bacillus may also be used, including Bacillus subtilis, Bacillus licheniformis, Bacillus
coagulans, Bacillus thermophilus, Bacillus laterosporus, Bacillus megaterium, Bacillus mycoides, Bacillus pumilus, Ba-
cillus lentus, Bacillus cereus, and Bacillus circulans. Similarly, bacteria of the genera Lactobacillus and Lactococcus
may be modified using the methods of this invention, including but not limited to Lactobacillus acidophilus, Lactobacillus
salivarius, Lactobacillus plantarum, Lactobacillus helveticus, Lactobacillus delbrueckii, Lactobacillus rhamnosus, Lacto-
bacillus bulgaricus, Lactobacillus crispatus, Lactobacillus gasseri, Lactobacillus casei, Lactobacillus reuteri, Lactobacillus
jensenii, and Lactococcus lactis. Streptococcus thermophiles and Proprionibacterium freudenreichii are also suitable
bacterial species for the invention described herein. Also included as part of this invention are strains, modified as
described here, from the genera Enterococcus (e.g., Enterococcus faecium and Enterococcus thermophiles), Bifido-
bacterium (e.g., Bifidobacterium longum, Bifidobacterium infantis, and Bifidobacterium bifidum), Sporolactobacillus spp.,
Micromomospora spp., Micrococcus spp., Rhodococcus spp., and Pseudomonas (e.g., Pseudomonas fluorescens and
Pseudomonas aeruginosa).

[0094] Suitable host strains are amenable to genetic manipulation, e.g., they maintain expression constructs, accu-
mulate precursors of the desired end product, e.g., they maintain pools of lactose and GDP-fucose, and accumulate
endproduct, e.g., 2'-FL. Such strains grow well on defined minimal media that contains simple salts and generally a
single carbon source. The strains engineered as described above to produce the desired fucosylated oligosaccharide(s)
are grown in a minimal media. An exemplary minimal medium used in a bioreactor, minimal "FERM" medium, is detailed
below.

[0095] Ferm (10 liters): Minimal medium comprising:

40g (NH,4),HPO,
100g KH,PO,
10g MgS0,4.7H,0
40g NaOH

[0096] Trace elements:
1.3g NTA (nitrilotriacetic acid)
0. 59 FeSO, .7H,0
0.09g MnCl, .4H,0
0.09g ZnS0O, .7H,0
0.01g CoCl, .6H,0
0.01g CuCl, .2H,0

0.02g HyBO,
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0.01g Na,MoO, .2H,0 (pH 6.8)
Water to 10 liters
DF204 antifoam (0.1ml/L)

150 g glycerol (initial batch growth), followed by fed batch mode with a 90% glycerol-1% MgSO,-1X trace elements feed,
at various rates for various times.

[0097] A suitable production host strain is one that is not the same bacterial strain as the source bacterial strain from
which the fucosyltransferase-encoding nucleic acid sequence was identified. For example, the fucosyltransferase-en-
coding nucleic acid sequence FutL was identified in Helicobacter mustelae and a suitable host strain is a bacteria other
than Helicobacter mustelae, e.g., FutL is produced in production host strain E.coliK12 or any of the other strains described
above.

[0098] Bacteria comprising the characteristics described herein are cultured in the presence of lactose, and a fuco-
sylated oligosaccharide is retrieved, either from the bacterium itself or from a culture supernatant of the bacterium. The
fucosylated oligosaccharide is purified for use in therapeutic or nutritional products, or the bacteria are used directly in
such products.

OTHER EMBODIMENTS

[0099] While the invention has been described in conjunction with the detailed description thereof, the foregoing
description is intended to illustrate and not limit the scope of the invention, which is defined by the scope of the appended
claims. Other aspects, advantages, and modifications are within the scope of the following claims.

[0100] The patent and scientific literature referred to herein establishes the knowledge that is available to those with
skill in the art. All United States patents and published or unpublished United States patent applications cited herein are
incorporated by reference. All published foreign patents and patent applications cited herein are hereby incorporated
by reference. Genbank and NCBI submissions indicated by accession number cited herein are hereby incorporated by
reference. All other published references, documents, manuscripts and scientific literature cited herein are hereby in-
corporated by reference.

[0101] While this invention has been particularly shown and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art that various changes in form and details may be made therein
without departing from the scope of the invention encompassed by the appended claims.

[0102] The following pages 57 to 62 contain specific embodiments.

1. A nucleic acid construct comprising an isolated nucleic acid encoding a lactose-utilizing o.(1,2) fucosyltransferase
enzyme, said nucleic acid being operably linked to one or more heterologous control sequences that direct the
production of the enzyme in a host bacteria production strain, wherein the amino acid sequence of said enzyme
encoded by said nucleic acid comprises at least 10% and less than 40% identity to SEQ ID NO:2.

2. The construct of 1, wherein said production strain comprises Eschericia coli K12.

3. The construct of 1, wherein said nucleic acid encodes a WbgL, FutL, or FutN protein,

4. The construct of 1, wherein said heterologous control sequence comprises a bacterial promoter and operator, a
bacterial ribosome binding site, a bacterial transcriptional terminator, or a plasmid selectable marker.

5. The construct of 1, wherein said production strain is a member of the Bacillus genus.

6. The construct of 1, wherein said production strain comprises Bacillus licheniformis.

7. The construct of 1, wherein said production strain is a member of the Pantoea genus.

8. The construct of 1, wherein said production strain is a member of the Lactobacillus or Lactococcus genus.

9. The construct of 1, wherein said production strain is a member of the Streptococcus, Proprionibacterium, Ente-

rococcus, Bifidobacterium, Sporolactobacillus, Micromomospora, Micrococcus, Rhodococcus, or Pseudomonas
genus.
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10. The construct of 1, wherein said production strain is selected from the group consisting of Bacillus licheniformis,
Bacillus subtilis, Bacillus coagulans, Bacillus thermophilus, Bacillus laterosporus, Bacillus megaterium, Bacillus
mycoides, Bacillus pumilus, Bacillus lentus, Bacillus cereus, and Bacillus circulans, Erwinia herbicola (Pantoea
agglomerans), Citrobacter freundii, Pantoea citrea, Pectobacterium carotovorum, Xanthomonas campestris Lacto-
bacillus acidophilus, Lactobacillus salivarius, Lactobacillus plantarum, Lactobacillus helveticus, Lactobacillus del-
brueckii, Lactobacillus rhamnosus, Lactobacillus bulgaricus, Lactobacillus crispatus, Lactobacillus gasseri, Lacto-
bacillus casei, Lactobacillus reuteri, Lactobacillus jensenii, Lactococcus lactis, Streptococcus thermophiles, Prop-
rionibacterium freudenreichii, Enterococcus faecium, Enterococcus thermophiles), Bifidobacterium longum, Bifido-
bacterium infantis, Bifidobacterium bifidum, Pseudomonas fluorescens and Pseudomonas aeruginosa.

11. An E.coli cell, E.coli culture supernatant, or E.coli cell lysate comprising 2’-FL, wherein said cell, supernatant,
or lysate does not substantially comprise a 1,3 fucosylated lactose prior to purification of 2’-FL from said cell, culture
supernatant, or lysate.

12. Anisolated Escherichia coli (E. coli) bacterium comprising a reduced level of B-galactosidase activity, a defective
colonic acid synthesis pathway, a mutation in an adenosine-5-triphosphate (ATP)-dependant intracellular protease,
a mutation in the /acA gene, a mutation in the thyA gene, and an isolated nucleic acid encoding a lactose-accepting
a (1,2) fucosyltransferase enzyme, said nucleic acid, wherein the sequence of said nucleic acid comprises at least
10% and less than 40% identity to SEQ ID NO:2.

13. The isolated E. coli bacterium of 12, wherein an endogenous lacZ gene and an endogenous /ac/ gene of said
E. coli bacterium are deleted or functionally inactivated.

14. The isolated E. coli bacterium of 13, wherein said E. coli bacterium comprises a luclq gene promoter upstream
of a lacY gene.

15. The isolated E. coli bacterium of 12, wherein an endogenous wcaJ gene of said E. coli bacterium is deleted or
functionally inactivated.

16. The isolated E. coli bacterium of 12, wherein said mutation in said ATP-dependant intracellular protease is a
mutation in a lon gene.

17. The isolated E. coli bacterium of 12, wherein said bacterium accumulates intracellular lactose in the presence
of exogenous lactose.

18. The isolated E. coli bacterium of 12, wherein said bacterium accumulates intracellular guanosine diphosphate
(GDP)-fucose.

19. The isolated E. coli bacterium of 12, wherein said exogenous o (1,2) fucosyltransferase gene comprises at least
25% identity to Helicobacter pylori 26695 alpha-(1,2) fucosyltransferase (futC).

20. The isolated E. coli bacterium of 12, wherein said exogenous

o (1,2) fucosyltransferase gene is selected from the group consisting of, Vibrio cholera O22 wblA, Escherichia coli
0126 wbgL, Helicobacter bilis ATCC 437879 futD, Helicobacter cinaedi CCUG 18818 alpha-1,2-fucosyltransferase
(futk), Helicobacter mustelae 12198 (ATCC 43772) alpha-1,2-fucosyltransferase (futL), Bacteroides vulgatus ATCC
8482 glycosyl transferase family protein (futN), Bacteroides ovatus ATCC 8483 futO, Escherichia coli O55:H7 (str.
CB9615) fucosyltransferase (wbgN), Bacteroides fragilis (NCTC) 9343 alpha-1,2-fucosyltransferase (bft7), and
Bacteroides fragilis (NCTC) 9343 fucosyl transferase (bft3/wcfB).

21. The isolated E. coli bacterium of 12, wherein said E. coli bacterium comprises the genotype AampC::Ptrchl,
A(lacl-lacZ)::FRT, P|ac|q/acY+, AwcaJ::FRT, thyA::Tn10, Alon:(npt3, lacZ*).

22. Anucleic acid construct comprising an isolated nucleic acid encoding a lactose-utilizing a (1,2) fucosyltransferase
enzyme, said nucleic acid being operably linked to one or more heterologous control heterologous sequences that
direct the production of the enzyme in a host bacteria production strain, wherein the amino acid sequence of said

enzyme encoded by the sequence of said nucleic acid comprises about 70% identity to SEQ ID NO:2.

23. The nucleic acid construct of 22, wherein said construct comprises SEQ ID NO: 7.
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24. A method for producing a fucosylated oligosaccharide in a bacterium comprising providing bacterium comprising
a reduced level of B-galactosidase activity, a defective colonic acid synthesis pathway, a mutation in an ATP-
dependant intracellular protease, a mutation in a thyA gene, and an exogenous lactose-accepting a (1,2) fucosyl-
transferase gene; culturing said bacterium in the presence of lactose; retrieving a fucosylated oligosaccharide from
said bacterium or from a culture supernatant of said bacterium.

25. The method of 24, wherein said enteric bacterium comprises E. coli.

26. The method of 24, wherein said fucosylated oligosaccharide comprises 2’-fucosyllactose (2'-FL) or lactodifu-
cotetraose (LDFT), Lacto-N-fucopentaose | (LNF I), or lacto-N-difucohexaose | (LDFH I).

27. The method of 24, wherein said method further comprises culturing said bacterium in the presence of tryptophan
and in the absence of thymidine.

28. The method of 24, wherein an endogenous /acZ gene and an endogenous /ac/ gene of said E. coli are deleted.

29. The method of 28, wherein said E. coli bacterium comprises a laclq gene promoter immediately upstream of a
lacY gene.

30. The method of 24, wherein an endogenous wcaJ gene of said E. coli is deleted.

31. The method of 24, wherein said mutation in said ATP-dependant intracellular protease is a null mutation in a
lon gene.

32. The method of 24, wherein said bacterium accumulates intracellular lactose in the presence of exogenous lactose.
33. The method of 24, wherein said bacterium accumulates intracellular GDP-fucose.

34. The method of 24, wherein said o (1,2) fucosyltransferase gene comprises at least 25% homology or identity
to Helicobacter pylori 26695 alpha-(1,2) fucosyltransferase (futC).

35. The method of 28, wherein said wherein said o (1,2) fucosyltransferase gene is selected from the group consisting
of Helicobacter pylori 26695 alpha-(1,2) fucosyltransferase (futC), Vibrio cholera 022 wblA, Escherichia coli 0126
wbglL, Helicobacter bilis ATCC 437879 futD, Helicobacter cinaedi CCUG 18818 alpha-1,2-fucosyltransferase (futE),
Helicobacter mustelae 12198 (ATCC 43772) alpha-1,2-fucosyltransferase (futL), Bacteroides vulgatus ATCC 8482
glycosyltransferase family protein (futN), Bacteroides ovatus ATCC 8483 futO, Escherichia coli O55:H7 (str. CB9615)
fucosyltransferase (wbgN), Bacteroides fragilis (NCTC) 9343 alpha-1,2-fucosyltransferase (bft1), and Bacteroides
fragilis NCTC) 9343 fucosyl transferase (bft3/wcfB).

36. A purified fucosylated oligosaccharide produced by the method of 24.

37. A method of identifying non-FutC lactose-utilizing, o(1,2)fucosyltransferase enzyme comprising the following
steps:

1) performing a computational search of sequence databases to define a broad group of simple sequence
homologs of any known, lactose-utilizing o(1,2)fucosyltransferase;

2) using the list from step (1), deriving a search profile containing common sequence and/or structural motifs
shared by the members of the list;

3) searching sequence databases, using a derived search profile based on the common sequence or structural
motif from step (2) as query, and identifying a candidate sequences, wherein a sequence homology to a reference
lactose-utilizing a(1,2)fucosyltransferase is 40% or less;

4) compiling a list of candidate organisms, said organisms being characterized as expressing a(1,2)fucosyl-
glycans in a naturally-occurring state;

5) selecting candidate sequences that are derived from candidate organisms to generate a list of candidate
lactose-utilizing enzymes;

6) expressing the candidate lactose- utilizing enzyme in a host organism; and

7) testing for lactose- utilizing a(1,2)fucosyltransferase activity, wherein detection of 2’-FL in said organism
indicates that the candidate sequence comprises a non-FutC lactose-utilizing o(1,2)fucosyltransferase.
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38. The method of 37, wherein a sequence homology to a reference lactose-utilizing a(1,2)fucosyltransferase is

40% or less.
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<120>

<130>

<140>
<141>

<150>
<151>

Glycosyn LLC
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SEQUENCE LISTING

Alpha (1,2) Fucosyltransferases Suitable for Use in the
Production of Fucosylated Oligosaccharides

37847-510N01EP

13823740.9
2013-07-24

13/557, 655
2012-07-25

<160> 23
<170>
<210> 1

<211> 6244
<212> DNA
<213>

<220>
<223>

<400> 1
tcgegegttt

cagcttgtcet
ttggcgggtg
accatatatg
cctcctcaac
gattggttac
taccggtgee
cgegggtgtg
aggaaccatg
aaacgaccgt
gcaagatgga
actgctgtgg
catctgggac
gcgegectgg
gctgaaaaac
ggataaaatg
actctettge

tgccagcetac

Plasmid pGl71

cggtgatgac
gtaagcggat
tcggggctgg
cggtgtgaaa
ctgtatattc
ggcgegttte
tgggtgcagt
atcatgatgg
aaacagtatt
accggaaccg
ttcecegetgg
tttetgecagg
gaatgggccg
ccaacgccag
gacccggatt
gcgctggeac
cagctttate

gcegttattgg

PatentIn version 3.5

Artificial Sequence

ggtgaaaacc
gccgggagea
cttaactatg
taccgcacag
gtaaaccacg
gcatcattgt
acatcagcat
tctgggeata
tagaactgat
gaacgctttc
tgacaactaa
gcgacactaa
atgaaaacgg
atggtcgtca
cgcgccgeat
cgtgecatge
agcgctectg

tgcatatgat

tctgacacat
gacaagcccg
cggcatcaga
atgcgtaagg
cccaatggga
tgagtttttce
ggggcaaatt
tecgtcecgeage
gcaaaaagtg
catttttggt
acgttgccac
cattgettat
cgaccteggg
tattgaccag
tattgtttca
attcttccag

tgacgtctte

ggcgcageag

50

gcagctceceg
tcagggcgeg
gcagattgta
agaaaatacc
gctgtctcag
cgccagccceg
ctttcecatce
ccacagcaac
ctcgacgaag
catcagatgc
ctgcgttcea
ctacacgaaa
ccagtgtatg
atcactacgg
gcgtggaacg
ttctatgtgg
ctecggectge

tgcgatctgg

gagacggtca
tcagegggtyg
ctgagagtgc
gcatcaggcg
gtttgttect
acgcgcagtt
cgatgattgt
acgtttectg
gcacacagaa
gttttaacct
tcatccatga
acaatgtcac
gtaaacagtg
tactgaacca
taggcgaact
cagacggcaa

cgttcaacat

aagtgggtga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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ttttgtctgg
gcaattaagc
catcttcgac
taaagcgecg
cggttttttt
tcaggctgceg
tggcgaaagg
cacgacgttg
cggtatcttt
gtcagaatgt
acgacatggt
tgcgatgaaa
cctgeccatcece
tttaaaaacg
gattccggtt
tcaaaatgaa
atgatgagct
aacaccactg
tcgttgattt
gtgtaactac
gataattccce
tgcgccacte
cctggaattg
tttegetgea
gcacgtcatc
tttaattcaa
cctcaaaatg
gccagtgttt
agctataagt
aatacgcctce

gattttgegt

accggtggceg
cgcgaaccgce
taccgtttcg
gtggctatct
accctceegtt
caactgttgg
gggatgtgct
taaaacgacg
gtggagaaag
gttagcgcecat
agataacctg
cggtecttgge
acattcgcaa
aggttatcgt
taatcgattt
cattggcaat
tgatacgctg
aagggcgcetg
ctcttttttt
ataaatccat
cttacctgaa
tcgegatttt
tcttaaagta
ggagtatcct
tgacgtgcct
atcttcttca
ggattctatt
ggggccaata
gctattageg
ttcttecttta

gaattctaag
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acacgcatct
gtccgetgece
aagactttga
aattacgaaa
aaattcttceg
gaagggcgat
gcaaggcgat
gccagtgcca
cagagtaatc
gttgacaaaa
tttattatgce
tttgatattc
catactcgat
tgtctctttt
agaactgatc
tgccataaaa
actgttagaa
tgaatcacaa
aacccctcta
aataatcgtt
tatttcatca
tcaggcggac
aagtaaatgt
ggaagatgtt
tttttatttg
gaaatcaatt
ttcacccact
atgatttttt
ataatgccat
tcectagtgg

tcttcgcaaa

gtacagcaac
gaagttgatt
gattgaaggc
catcctgcecceca
agacgcctte
cggtgcggge
taagttgggt
agctttettt
ttattcagce
ataccattag
gttttgatct
atttggtcag
tecggttegge
ttcagaatat
aataaatttt
acgataaata
gcatcgtgga
gctatggcaa
ctcaacagat
gacatggcat
tgactaaacg
ttactatccc
tgcgatatgt
cgtagaagct
tactaccctg
tttgttcage
ccttacaaag
ctggattttc
gctgacaaga
tcatgtccat

acacaaaaag

51

catatggatc
atcaaacgta
tacgatccge
gagccgacgce
ccgaaggege
ctcttegeta
aacgccaggg
aatgaagcag
tgactggtgg
tcacattatc
tacgtttaat
agatttgaat
tcaatgataa
cgccaaggat
ttctgaccaa
acgtattggg
tgaaacagtc
ggtcatcaac
acccggttaa
accctcactce
gaacaacatg
gtaaagtgtt
gagtgagctt
tactgctcac
tacgattact
gttatacttt
gatattctca
tatcaaatag
ttgcatgage
aaaagggtag

ctccatgttt

aaactcatct
aacccgaatc
atccgggcecat
cagtgtgegt
cattcgecat
ttacgccage
ttttceccagt
ggcatcagga
gaaaccacca
cgtcagtecgg
attaccttta
ggttccctga
cgtecggeata
atcgtcgaga
tagatattca
atgttgatta
ctcattaata
ggtttcaatg
acctagtcgg
aatgcgtaac
ggtcacctaa
gtataatttg
aaaacaaata
aagaaaaaag
gcagctcgag
tgggatttta
tgcccaaaaa
gccgeccace
agcatgtccc
ccaagatcaa

ggcacgcgct

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940
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ttgccatata
cataatcccc
gcttgcactg
gtagagtgaa
aatagccaaa
cgatttcttg
ggaggtgttg
ggaaaagttc
caggcgtatt
caagccctcce
taaaaattga
gcecettttte
actcgggaag
aatctttcgg
gagcctgttt
tgtcagttag
ggcacattgg
accccaaagc
accttcatgg
tgtcaacacc
aatttatttt
atcggccaac
actgactcgce
gtaatacggt
cagcaaaagg
ccccctgacg
ctataaagat
ctgeccgetta
agctcacgct
cacgaacccc

aacccggtaa

gcgaggtatg

ctcaagcgece
tcttcttata
atattcttcc
ggtttgettg
aaaataagtc
actcacccta
cattttaget
taattgcatt
agagtgtttt
gcaaatttgc
ttgaatgtat
agggctggaa
ggctttacct
aactggtttt
ctectgecgega
ctttggtggt
cagctaatcc
cttctgcettt
tggtcagtge
gccagagata
ttgcaggggg
gcgcggggag
tgcgeteggt
tatccacaga
ccaggaaccg
agcatcacaa
accaggcegtt
ccggatacct
gtaggtatct
ccgttcagec

gacacgactt

taggeggtge
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tttttttgat
tgcacaaaca
tettttttat
attaaagggg
aagcggcettg
tcaaatccca
atagcgattt
ttecectatege
tgcaaacttt
accaccttaa
gcaaataaat
tgtgtaagag
cttcegeata
gcgcttaccce
cgttegegge
gtgtggcagt
ggaatcgcac
gaatgctgcc
gtcctgetga
atttatcacc
gcattgtttg
aggcggtttg
cgtteggetg
atcaggggat
taaaaaggcc
aaatcgacgc
tceceectgga
gtcegecettt
cagttecggtg
cgaccgctge
atcgccactg

tacagagttc

agtcaatacc
cgctgttttt
tattattctt
atatagcatc
gctttagcaa
tgcatttgag
ctttegeget
tccaatcaaa
tagcgaaagc
aagccatatg
gcatacacca
cggggttatt
aacgcttcca
caaccaacag
ggcgtgtttg
tgtagtcctg
ttacggccaa
cttcttcagg
tgtgctcagt
gcagatggtt
gtaggtgaga
cgtattgggc
cggcgagcegg
aacgcaggaa
gcgttgetgg
tcaagtcaga
agctcecteg
ctcecttegg
taggtcgttce
gccttateeg
gcagcagcca

ttgaagtggt

52

aagctgacag
agcggctaaa
attattttcg
aaagtatcgt
tttaggctcg
cgcgtetcett
cgcataggge
agaagtgata
gtattgaaac
tatatctcct
taggtgtggt
tatgctgttg
tcagcgttta
gggatttgct
tgcatccatc
aacgaaaacc
tgcttegttt
gcttaatttt
atcaccgcecceca
atctgtatgt
gatcaattct
gctcttcege
tatcagctca
agaacatgtg
cgtttttceca
ggtggcgaaa
tgecgetctee
gaagcgtgge
gctccaagcet
gtaactatcg
ctggtaacag

ggcctaacta

ccaatcccca
atcaaagaaa
ggtggtggtg
ggatcttgga
tattcaaaaa
actagcttgg
aaatcaatag
tctaacagceca
atttgattcc
tcttgaattc
ttaatttgat
tttttttgtt
tagttaaaaa
gctttccatt
tggattctcce
ccecegegatt
cgtatcacac
taagagcgtc
gtggtattta
tttttatatg
gcattaatga
ttcctcegetce
ctcaaaggcg
agcaaaaggc
taggcteccge
cccgacagga
tgttccgace
gctttceteat
gggctgtgtg
tcttgagtce
gattagcaga

cggctacact

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860
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agaaggacag
ggtagctctt
cagcagatta
tctgacgcete
aggatcttca
tatgagtaaa
atctgtctat
cgggagggct
gctccagatt
gcaactttat
tcgecagtta
tcgtegtttg
tccececcatgt
aagttggccg
atgccatccg
tagtgtatgc
catagcagaa
aggatcttac
tcagcatcett
gcaaaaaagg
tattattgaa
tagaaaaata
taagaaacca
cgte

<210> 2
<211> 298
<212> PRT
<213>

<400> 2

tatttggtat
gatccggcaa
cgcgcagaaa
agtggaacga
cctagatcct
cttggtctga
ttcgttcatc
taccatctgg
tatcagcaat
ccgectcecat
atagtttgeg
gtatggcttc
tgtgcaaaaa
cagtgttate
taagatgctt
ggcgaccgag
ctttaaaagt
cgctgttgag
ttactttcac
gaataagggc
gcatttatca
aacaaatagg

ttattatcat
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ctgcgetcetg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgcce
cceccagtget
aaaccagcca
ccagtctatt
caacgttgtt
attcagctcce
agcggttagce
actcatggtt
ttctgtgact
ttgectettge
gctcatcatt
atccagttcg
cagcgtttet
gacacggaaa
gggttattgt
ggttcecgege

gacattaacc

Helicobacter pylori

ctgaagccag
gctggtageg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactccceg
gcaatgatac
gccggaaggyg
aattgttgcc
gccattgeta
ggttcccaac
tcctteggte
atggcagcac
ggtgagtact
ccggegtcaa
ggaaaacgtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgageg
acatttccce

tataaaaata

ttaccttegg
gtggtttttt
ctttgatctt
tggtcatgag
ttaaatcaat
gtgaggcacce
tcgtgtagat
cgcgagacce
ccgagcgcag
gggaagctag
caggcatcgt
gatcaaggcg
ctccgatcgt
tgcataattce
caaccaagtc
tacgggataa
cttcggggeg
ctcgtgcecacc
aaacaggaag
tcatactctt
gatacatatt
gaaaagtgce

ggcgtatcac

aaaaagagtt
tgtttgcaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctcageg
aactacgata
acgctcaccg
aagtggtcct
agtaagtagt
ggtgtcacgce
agttacatga
tgtcagaagt
tcttactgte
attctgagaa
taccgegeca
aaaactctca
caactgatct
gcaaaatgcce
cctttttcaa
tgaatgtatt
acctgacgtce

gaggcccttt

Met Ala Phe Lys Val Val Gln Ile Cys Gly Gly Leu Gly Asn Gln Met

1

5

10

15

Phe Gln Tyr Ala Phe Ala Lys Ser Leu Gln Lys His Leu Asn Thr Pro

20

25

53

30

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6244
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vVal

Leu

Ala

65

Lys

Glu

Phe

Thr

Glu

145

val

Leu

Val

Gln

Lys

225

His

Ile

Gly

Leu

Glu

50

Ile

Cys

Pro

Gln

Phe

130

Glu

Phe

Gly

Pro

Asn

210

Glu

Gly

Asn

His

Leu

35

Leu

Ala

Met

Gly

Asp

115

Thr

Tyr

Val

Ile

Asn

195

Leu

Glu

Ile

Asn

Glu

Asp

Phe

Lys

Gly

Leu

100

Pro

Leu

His

His

Asp

180

Met

Asp

Glu

Ile

Pro

260

Asn

Ile

Pro

Met

Phe

85

Leu

Arg

Pro

Arg

Val

165

Tyr

Glu

Leu

Ala

Ala

245

Glu

Ile

Thr

Ile

Gln

70

Asp

Lys

Tyr

Pro

Lys

150

Arg

Gln

Leu

Gly

Tyr

230

Asn

Lys

Leu
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Ser

Asp

55

His

Arg

Pro

Phe

Pro

135

Leu

Arg

Lys

Phe

Tyr

215

Trp

Ser

Ile

Cys

Phe

40

Leu

Leu

Val

Ser

Asp

120

Glu

Ala

Gly

Lys

Val

200

Pro

Asp

Thr

Ile

Lys

Asp

Pro

Pro

Ser

Arg

105

Ala

Asn

Leu

Asp

Ala

185

Phe

Phe

Met

Tyr

Ile

265

Glu

54

Trp

Tyr

Lys

Gln

20

Leu

Ile

Gly

Ile

Tyr

170

Leu

Cys

Met

Leu

Ser

250

Gly

Trp

Ser

Ala

Leu

75

Glu

Thr

Ser

Asn

Leu

155

val

Glu

Glu

Asp

Leu

235

Trp

Pro

vVal

Asn

Ser

60

Val

Ile

Tyr

Pro

Asn

140

Ala

Gly

Tyr

Asp

Met

220

Met

Trp

Lys

Lys

Arg

45

Ala

Arg

val

Phe

Leu

125

Lys

Ala

Ile

Ile

Leu

205

Thr

Gln

Ala

His

Ile

Lys

Lys

Asp

Phe

Tyr

110

Ile

Lys

Lys

Gly

Ala

190

Lys

Thr

Ser

Ala

Trp

270

Glu

Met

Glu

Thr

Glu

95

Gly

Lys

Lys

Asn

Cys

175

Lys

Phe

Arg

Cys

Tyr

255

Leu

Ser

Gln

Ile

Leu

80

Tyr

Tyr

Gln

Glu

Ser

160

Gln

Arg

Thr

Asp

Lys

240

Leu

Phe

His
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275

EP 3 587 567 A1

280

Phe Glu Val Lys Ser Lys Lys Tyr Asn Ala

290
<210> 3
<211> 281
<212> PRT
<213>

<400>

3

Met Ile Val

1

Tyr

Leu

Leu

Phe

65

Leu

Ile

Tyr

Gln

Gln

145

Gly

Tyr

Phe

Ala

Asp

Asp

50

His

Gly

Tyr

Trp

Glu

130

Ile

Asp

Lys

Phe

Val

Val

35

Gln

Leu

Trp

Asp

Gln

115

Leu

Lys

Tyr

Arg

Val

Met

Gly

20

Ser

Phe

Lys

Leu

val

100

Asn

Trp

Ile

Leu

Ala

180

Phe

Lys

Arg

Ala

Asn

Gly

Lys

85

Ser

Glu

Pro

Gln

Asn

165

vVal

Ser

Vibrio cholerae

Ile

Ala

Tyr

Ile

Ser

70

Lys

val

Gln

Asn

Gln

150

His

Asp

Asn

295

Ser

Ile

Lys

Asn

55

Ser

Asn

Phe

Tyr

Gln

135

Thr

Pro

Tyr

Asp

Gly Gly

Ala Ile
25

Asn Tyr
40

Ala Asp

Asn Arg

Thr Tyr

Met Gln

105

Phe Ser

120

Pro Leu

His Ala

Glu Ile

Ile Lys

185

Val Ala

55

Leu

10

Gln

Lys

Ile

Leu

Tyr

90

Ala

Gln

Ser

val

Gly

170

Glu

Trp

Gly

Tyr

Leu

Ala

Ser

75

Ala

Pro

Ile

Ile

Ser

155

val

Lys

Cys

Asn

Gly

His

Asn

60

Arg

Glu

Arg

Arg

Asn

140

Ile

Leu

Ile

Lys

285

Gln

Val

Asn

45

Glu

Ile

Lys

Tyr

Ala

125

Ala

His

Asp

Glu

Asp

Leu

Pro

30

Gly

Asp

Leu

Gln

Leu

110

val

Gln

val

Ile

Ala

190

Asn

Phe

15

Leu

Tyr

Glu

Arg

Arg

95

Asp

Leu

Ala

Arg

Asp

175

Pro

Phe

Gln

Lys

Arg

Ile

Arg

80

Thr

Gly

Leu

His

Arg

160

Tyr

Val

Asn
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Phe Ile
210

Asp Leu
225

Ser Phe

Vval Ile

Trp Val

<210>
<211>
<212>
<213>

<400>

Met Ser
1

195

Asp Ser Pro Val

Met Leu Met Cys
230

Ser Trp Trp Ala
245

Ala Pro Lys Thr
260

Pro Asp Ser Trp
275

4

297

PRT

Escherichia coli

4

Ile Ile Arg Leu

Phe Ser Phe Gly Tyr Ala

20

Phe Asp Ile Ser His Tyr

35

Leu Asn Asn Leu Gln Ile

50

Lys Ile
65

Asn Asn Ile Tyr
70

Pro Glu Ile Phe Leu Phe

85

Gly Tyr Asp Phe Glu Tyr

100

Ile Gly Tyr Trp Gln Ser

Leu Lys

115

Glu Phe Phe Ile
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Phe

215

Gln

Ala

Trp

Arg

Gln

Leu

Ala

Pro

55

Lys

Leu

Ile

Glu

Pro

200

Ile

Cys

Trp

Met

Glu
280

Gly

Ser

Glu

40

Glu

Phe

Gly

Ala

His

120

Lys

Glu

Gln

Leu

Ala

265

Ile

Gly

Lys

25

Asn

Glu

Leu

Phe

Gln

105

Phe

Asn

56

Asp

His

Asn

250

Glu

Leu

10

Ile

Asp

Tyr

Val

Cys

90

Lys

Phe

val

Thr

Asn

235

Ser

Asn

Gly

Asn

Asp

Leu

Arg

75

Asn

Trp

His

Ser

Gln

220

Ile

Asn

Pro

Asn

Gly

His

Gln

60

Gly

Glu

Lys

Lys

Glu

205

Thr

val

val

Lys

Gln

Thr

Gly

45

Tyr

Ser

Phe

Ser

His

125

Gln

Glu

Ala

Asp

Gly
270

Leu

Pro

30

Gly

Tyr

Arg

His

Lys

110

Ile

Ala

Ile

Asn

Lys

255

Tyr

Phe

15

Leu

Tyr

Thr

Leu

Ala

95

Lys

Leu

Asn

Asp

Ser

240

Ile

Lys

Gln

Tyr

Arg

Pro

Tyr

80

Tyr

Tyr

Asp

Leu
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Leu

145

Arg

val

Leu

Cys

Tyr

225

Ala

Tyr

Tyr

Ile

130

Ala

Cys

Ala

Lys

210

Ser

Asn

Leu

Asp

Asn
290

<210> 5
<211> 2
<212> P

<213>

<400> 5

Ala

Gly

Ser

Met

195

Glu

Glu

His

Gly

Ile

275

val

93
RT

Met Gly Asp

1

Met Phe Gln

Pro Val Leu

35

Gln Phe Ser

Lys

Asp

Leu

180

Ile

Asn

Asp

His

Thr

260

Thr

Asp

Tyr

Tyr

20

Leu

Leu

Ile

Tyr

165

Glu

Arg

Ile

Leu

Ile

245

Ser

Pro

Lys

Helicobacter

Lys

Ala

Asp

Asp

Leu

150

Ile

Tyr

Asp

Glu

Ser

230

Ile

Ala

Lys

His
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135

Glu

Lys

Tyr

val

Thr

215

Gln

Ala

Ser

Asn

Ser
295

bilis

Ile

Phe

Lys

Ile

val

Ala

Thr

Phe

Ser

Asn

Lys

Phe
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Ser

Ser

Gly

Pro

Lys

Ile

Ala

Gly

Glu

60

Gly

Lys

Ser

Tyr

Lys
140

Asn

Ala

Trp

Trp
285

Ile

Leu

Ala

45

Tyr

Ser

Thr

Leu

Phe

125

Val

Ala

Trp

Phe

270

Val

Gly

Lys

30

Tyr

Leu

Glu

Glu

Ser

110

Thr

Leu

Lys

Leu

255

Glu

Arg

Gly

15

Glu

Thr

Lys

Ile

Tyr

95

Cys

Asn

Ser

Tyr

240

Lys

Arg

Ile

Leu

Lys

His

Ala

Trp

80

Val

Asp

Ile

Asp
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Lys

145

Leu

Ile

Lys

Cys

Asn

225

His

Asn

Asp

Val

Asn

His

Cys

Val

Lys

210

Lys

Asn

Thr

Asp

<210>
<211>
<212>
<213>

<400>

Glu

Val

Thr

Ser

195

Asp

Glu

Ile

Asn

Arg

275

12
287
PRT

Phe

Arg

Ser

180

Glu

His

Glu

Ile

Pro

260

Val

Ile

Leu

165

Ala

Pro

Leu

Ser

Ala

245

Glu

Gln

Lys

150

Gly

Tyr

Lys

Lys

Tyr

230

Asn

Arg

val

EP 3 587 567 A1

Lys

Asp

Tyr

Phe

Ile

215

Trp

Ser

Ile

Ser

Bacteroides fragilis

12

Met Leu Tyr Val Ile Leu Arg

1

5

Ile Ala Thr Ala Ala Ser Leu

20

Asn Lys Asp Gln Glu Arg Gln

35

Lys Asn Ile Lys Val Met Lys

50

55

Gln

Tyr

Asn

Phe

200

Pro

Asp

Ser

Val

Asp
280

Gly

Thr

Val

40

Gly

Met

val

Lys

185

Val

Asn

Met

Phe

Tle

265

Ile

Arg

Gln

25

Leu

Val

66

Gln

Asn

170

Ala

Phe

Cys

Cys

Ser

250

Ala

Ile

Leu

10

Asn

Leu

Pro

Asn

155

Asn

Ile

Ser

His

Leu

235

Trp

Pro

Pro

Gly

Phe

Tyr

Asp

Ser

Pro

Asn

Asp

Ile

220

Met

Trp

Gly

Ser

Asn

Ile

Lys

Gly
60

Asn

Ala

Ile

Asp

205

Ile

Thr

Gly

Lys

Asp
285

Asn

Phe

Asp

45

Ile

Ser

Tyr

Ile

190

Thr

Asp

Tyr

Ala

Trp

270

Trp

Leu

Cys

30

Ser

Pro

Val

Ser

175

Gln

Val

Trp

Cys

Trp

255

Tle

Ile

Phe

15

Thr

Phe

Tyr

Ser

160

Asn

Ser

Trp

Asn

Lys

240

Leu

Asn

Cys

Gln

Val

Phe

Tyr
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Lys

65

Asp

Ser

Ile

Ile

Phe

145

Asp

Asn

Leu

Ser

Ile

225

Val

Thr

Leu

Glu

Leu

val

Trp

His

130

Cys

Lys

Phe

Asp

Ser

210

Val

Ser

Leu

Leu

<210>
<211>
<212>
<213>

<220>

Pro

Ile

val

Asn

115

val

Gly

Ile

Ile

Leu

195

Phe

Ile

Asp

Gly

Asn
275

13

3075
DNA
Artificial Sequence

Phe

Ile

Leu

100

Ile

Arg

Lys

Phe

Gly

180

Tyr

Ser

Ala

Leu

Arg

260

Ile

His

Asp

Asp

Cys

Arg

Ser

Ile

165

Lys

Ile

Trp

Pro

Leu

245

Tyr

Leu

Glu

70

Gly

Leu

Gly

Gly

Tyr

150

Ile

Arg

Gln

Trp

Gln

230

Pro

Cys

Arg

EP 3 587 567 A1

Phe

Tyr

Tyr

Asn

Asp

135

Tyr

Cys

Tyr

Ser

Gly

215

Met

Val

Phe

Leu

Ser

Phe

Arg

Ile

120

Tyr

Lys

Ser

Tyr

Leu

200

Ala

Trp

Ser

Ala

Ile
280

Arg

Gln

Ile

105

Leu

Leu

Asn

Asp

Phe

185

Cys

Trp

Phe

Trp

Leu

265

Trp

67

Ile

Ser

90

Thr

Glu

Lys

Ala

Asp

170

Ile

Thr

Leu

Gly

Val

250

Tyr

Lys

Pro

75

Glu

Asp

Lys

Leu

Ile

155

Ile

Glu

His

Asn

Ile

235

Arg

Lys

Arg

Tyr

Lys

Glu

Gly

Pro

140

Gln

Asp

Asn

Asn

Glu

220

Ser

Leu

Val

Lys

Glu

Tyr

Leu

Glu

125

His

Tyr

Trp

Thr

Ile

205

Asn

Val

Pro

Val

Lys
285

Glu

Phe

Arg

110

Thr

Ala

Ile

Cys

Thr

190

Ile

Ser

Lys

Asn

Glu

270

Asn

Gly

Lys

95

Lys

val

Leu

Gly

Lys

175

Pro

Ser

Asn

Leu

Asn

255

Asp

Met

Lys

80

Arg

Lys

Ser

Pro

Glu

160

Lys

Leu

Asn

Lys

Gly

240

Tyr

Tyr
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<223>

<400> 13
atgaccatga

ggcgttacce
gaagaggccce
tttgeetggt
gaggccgata
tacaccaacg
acgggttgtt
cgaattattt
ggttacggece
ggagaaaacc
caggatatgt
acacaaatca
ctggaggctg
ttatggcagg
gatgagcgtg
ctgtggageg
ggcacgctga
ggtctgctgce
catcctetge
aagcagaaca
acgctgtgeg
atggtgccaa
gtaacgcgaa
aatgaatcag
ccttececgee
tgceccgatgt
atcaaaaaat
cacgcgatgg
cceegtttac

gaaaacggca

ttacggattc
aacttaatcg
gcaccgatcg
ttceggecace
ctgtcgtegt
tgacctatcc
actcgctcac
ttgatggegt
aggacagtcg
gcectegeggt
ggcggatgag
gcgatttcca
aagttcagat
gtgaaacgca
gtggttatgce
ccgaaatccece
ttgaagcaga
tgctgaacgg
atggtcaggt
actttaacge
accgctacgg
tgaatcgtct
tggtgcagcg
gccacggcgc
cggtgcagta
acgcgcegegt
ggcttteget
gtaacagtct
agggcggctt

acccgtggte

EP 3 587 567 A1

lacY chromosomal construct

actggcecgte
ccttgecagea
ccettcececcaa
agaagcggtg
cccctcaaac
cattacggtc
atttaatgtt
taactecggeg
tttgeegtet
gatggtgetg
cggcattttc
tgttgccact
gtgcggcgag
ggtcgccage
cgatcgegte
gaatctctat
agcctgcgat
caagccgttg
catggatgag
cgtgegetgt
cctgtatgtg
gaccgatgat
cgatcgtaat
taatcacgac
tgaaggcggce
ggatgaagac
acctggagag
tggcggttte
cgtectgggac

ggcttacgge

gttttacaac
catcccecett
cagttgcgceca
ccggaaagcet
tggcagatgc
aatccgceccgt
gatgaaagct
tttecatcetgt
gaatttgacce
cgctggagtg
cgtgacgtct
cgctttaatg
ttgcgtgact
ggcaccgcge
acactacgtc
cgtgcggtgg
gtcggtttcce
ctgattcgag
cagacgatgg
tcgecattate
gtggatgaag
ccgegetgge
cacccgagtg
gcgctgtatc
ggagccgaca
cagcccttee
acgcgcccge
gctaaatact

tgggtggatc

ggtgattttg

68

gtcgtgactg
tecgecagetg
gcctgaatgg
ggctggagtg
acggttacga
ttgttecccac
ggctacagga
ggtgcaacgg
tgagcgcecatt
acggcagtta
cgttgctgea
atgatttcag
acctacgggt
ctttecggegg
tgaacgtcga
ttgaactgca
gcgaggtgeg
gcgttaaccg
tgcaggatat
cgaaccatcce
ccaatattga
taccggcgat
tgatcatctg
gctggatcaa
ccacggccac
cggctgtgece
tgatcectttg
ggcaggcgtt
agtcgctgat

gcgatacgece

ggaaaaccct
gcgtaatagce
cgaatggcegce
cgatcttect
tgcgcccatce
ggagaatccg
aggccagacg
gcgetgggte
tttacgegee
tctggaagat
taaaccgact
ccgegetgta
aacagtttct
tgaaattatc
aaacccgaaa
caccgccgac
gattgaaaat
tcacgagcat
cctgectgatg
gctgtggtac
aacccacggce
gagcgaacgc
gtcgctgggg
atctgtcgat
cgatattatt
gaaatggtcc
cgaatacgce
tcgtcagtat
taaatatgat

gaacgatcgce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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cagttctgta
gcaaaacacc
agcgaatacc
ggtaagccge
attgaactgce
gtagtgcaac
tggcgtctgg
ctgaccacca
cgccagtcag
ctgcgegatce
cgcattgacc
gcagcgttgt
cacgcgtgge
ggtagtggtc
gcgeggattg
ttagggecege
ctgccattgt
gggacgcgceg
agccgctaca
gaaggcacat
agcccgtcag
tggtgtcaaa
<210> 14

<211> 2203
<212> DNA
<213>

<220>

<223> del

<400> 14
gttceggttat

cggcgcagceg
cgtggaatta
cccactactg

tatgggcatt

tgaacggtct
agcagcagtt
tgttccgtca
tggcaagegg
ctgaactacc
cgaacgcgac
cggaaaacct
gcgaaatgga
gctttettte
agttcacccg
ctaacgcctg
tgcagtgcac
agcatcaggg
aaatggcgat
gcctgaactg
aagaaaacta
cagacatgta
aattgaatta
gtcaacagca
ggctgaatat
tatcggcgga

aataa

EP 3 587 567 A1

ggtectttgec
tttccagttc
tagcgataac
tgaagtgcecet
gcagccggag
cgcatggtca
cagtgtgacg
tttttgeatc
acagatgtgg
tgcaccgcetg
ggtcgaacge
ggcagataca
gaaaacctta
taccgttgat
ccagctggeg
tceccgacege
taccccgtac
tggcccacac
actgatggaa
cgacggttte

attccagcetg

Artificial Sequence

wcaJ: :FRT mutation

atcaatgtca
ggtccggtgg
atcaaagtgc
ccggaatgece

gcttttgatg

aaaacctcac
tggacgccat
acaacacgcc
gcgacgacac

gcgattttga

gaccgcacgce
cgtttatccg
gagctcctge
ctggatgtceg
agcgccgggce
gaagccgggce
ctececcegeeg
gagctgggta
attggcgata
gataacgaca
tggaaggcgg
cttgctgatg
tttatcagcc
gttgaagtgg
caggtagcag
cttactgceceg
gtcttcceccga
cagtggcgcg
accagccatce
catatgggga

agcgeeggte

gccgctcecaag
tgaagccege
ggacggcaat
ccgcaatgeg

cegetgttte

69

cgcatccage
ggcaaaccat
actggatggt
ctccacaagg
aactctggcet
acatcagcgc
cgteccecacge
ataagegttg
aaaaacaact
ttggcgtaag
cgggccatta
cggtgcectgat
ggaaaaccta
cgagcgatac
agcgggtaaa
cctgttttga
gcgaaaacgg
gcgacttcca
gccatetget
ttggtggcga

gctaccatta

ctggtgatca
tttaaagcce
ttcceccaacg
gtcatcaaac

ctgtttgacg

gctgacggaa
cgaagtgacc
ggcgectggat
taaacagttg
cacagtacgce
ctggcagcag
catccegeat
gcaatttaac
gctgacgceceg
tgaagcgacc
ccaggccgaa
tacgaccgcet
ccggattgat
accgcatccg
ctggctcgga
ccgetgggat
tctgegetge
gttcaacatc
gcacgcggaa
cgacteccetgg

ccagttggte

actccgggaa
tecggegegece
gtattcctaa
acggcgcgga

aaaaagggca

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3075

60

120

180

240

300
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gtttattgag
cggcgcgaag
cgcaggtggce
caaggaagac
ttactgcgac
taaaacgctg
caacagcaaa
tgaggecgcetg
taacctgege
tgtgcegetg
gatcttccct
gatccgtcga
gcteccagecet
gcggcgcgaa
accaactggt
caactggtta
gggctggtge
accgtgtege
tcgattattc
gtcgggetgg
gtgctgaata
atccecccacg
ggcatgatcg
ttctggecege
ctgctgtttg
tcggtggcecac
ctcaatacca
ggatacaacc
acccgegtgt
aacttctaca

atggtggtgt

ggctactaca
atcatccacg
acgccggtaa
gccatctatg
agcggcatga
ggcgaactgg
ctggcgcaac
gcggtggatce
acctccaata
atggaagcgce
taccccactg
cctgcagttc
acagttaaca
gtggtecggeg
aatttatttt
tttttgacac
agatgaccgt
tggtgattat
agcgaaaaga
ggatcgtggt
acccggacct
ggcaacagtt
aaaccagcgc
tggcgatgac
gctactttgg
cgaacttacg
acctttcaac
tggcgtacaa
tgtttececgge
agctgcetgtce

cgaataactt

EP 3 587 567 A1

ttgtcggect
atccacgtct
tgtcgaaaac
gtggcgaaat
tceegtgget
tacgcgaccg
ccgttgagge
gcaccgatgg
ccgaaccggt
gaacgcgaac
cgggtaaggg
gaagttccta
aagcggcata
attgccacgg
tgacaccaga
cagaccaact
gctggcgegyg
cgegetggcea
aatcagtcac
gtgegtggeg
ggcaccgttg
ccgegegttg
ggtgetggeg
cgcgatcctce
ccgcaaaatt
ctttggtgcee
gctcgtgetg
cgtggcegtt
attcgccaaa

ggtagtgggg

tgtaccgcetg

gttggcagaa
ctcctggaac
cggacacgcc
gagcgcccac
gctggtegece
gatggcggcg
gattaaccgce
catcagcatg
ggtgegectg
tctgetgacg
gctaataaca
ttctctagaa
ttgatatgag
tgatcatcat
ccaactggta
ggttattttt
attatcgaca
gatacgettt
cttgaactca
gtgtttttgt
attaaaacat
atgcaaaaag
ggcttcactt
ggttatctgg
tatcgcceeg
tggctgacgg
gcgcgtattce
gtgccaccga
attcaggacg
attatcaact

gtectttggtg

70

gcattcctceg
accgttgatg
tttattaaag
cattacttcc
gaactggtgt
ttteccggeaa
gtggaacagc
acctttgeeg
aatgtggaat
ttgctgaacg
ggaacaacga
agtataggaa
cttacgtgaa
cggcttattt
atttattttt
gacaccagac
accaccagtt
ctgacttcgg
ccacgttgta
tgagtgatct
tatecgetgge
agctggagtt
gtacggtggt
tcaatagtgce
gtctgecattt
cggacagcat
tcggcgeggg
tgaagctgaa
ataccgaaaa
tteceggeget

agaagtggaa

aaaaaaatcc
tggtgactgce
aacgtatgcg
gtgatttecge
gcctgaaaga
gcggtgagat
attttagceg
actggegett
cgcgeggtga
agtaatgtcg
tgattccggg
cttcgaagca
aaaaccatca
ttgacaccag
gacaccagac
caactggctc
cggcctgett
tatcgctaac
ctggctgaac
catcggcgac
gtttgtggta
caacaaaatc
tagcgcccat
ggtgagaacg
ctcgetggeg
catcaactat
cgtggcaggg
cccaatcatc
gctgegtgtt
gctcgggeta

cagcattatt

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160
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ccggtgetge aattgetgtg tgtggtgggt ctgetgeget ceg

<210> 15

<211> 5046
<212> DNA
<213>

<220>

<223> lacZz

<400> 15
gtggatggaa

agggttggtg
tgggatagaa
ttgtgggggt
ggtgaaggag
tgattggggg
gttgagaggg
ggaaggggaa
ggtagtgggg
gtggggttag
tgggaggtgg
tgttgggggg
gatggtttgg
agagggtatt
tgggggtgtg
tgaatgaagt
ggggaggtgt
tgggggggga
gtgatggaat
ggaaagatgg
atgtggagga
gatgggggag
ggtggaaaat
gtatgaggag
tgaggggttg

tggggttgtt

insertion

gaggtggaaa
atttatggga
ttagttaagg
tgaatgtggg
agtggtgtga
gatgggtgga
gttttgaagg
gaggtagaaa
tatgtggaga
atggggatag
gggggggtgt
aaggatgtga
gatgattgaa
ggggtatgag
aggggagggg
ggaggaggag
ggtggaggtt
ggatgtggtg
ggggggggtyg
gatggaggga
agaggatgag
ggggaggatg
ggggggtttt
atagggttgg
gtggtggttt

gaggagttgt

Artificial Sequence

in lon

aagtggttat

agggggaagg
aaaaaggggyg
ggaaagatgg
tgtgattagg
ggtggagttg
tgagggtggg
gggagtgggg
agggaaaagg
gtagagtggg
ggtaaggttg
tgggggaggg
gaagatggat
tggggagaag
gggggggttyg
g99aggggggg
gtgagtgaag
tgatgtgagg
gatagggttg
ggaggtagtg
ggggtggggg
tggtggtgag
gtggattgat
gtaggggtga
agggtatggg

tgtaataagg

ggaggagtgg
ggaagaggga
gattttatgt
ggatatagtg
tgggggaaat
gaagttggta
ggaaggagtg
agaaagggtg
gaaggggaaa
gggttttatg
ggaaggggtyg
gatgaagatg
tggagggagg
agagaatggg
tttttgtgaa
tatggtgggt
ggggaaggga
ttggtggtgg
atgggggtag
ggatggaagg
gaggggaagt
ggatggggat
ggagtgtggg
tattggtgaa
gggtggggat

ggatgttgaa

71

gtaattgatg
tgtggtgaat
ggggtttaat
aggtagatgt
taaagtaaga
ttgtgtagaa
aggggggaag
gtgagggggg
gagaaaggag
gagaggaagg
gaaagtaaag
tgatgaagag
ttgtgggggg
gtggtgtgat
gagggaggtg
ggggaggagg
gtgggtggta
ggagaaagta
gtggggattg
gggtgttgtg
gttggggagg
gggtggttgg
ggggtgggtg
gaggttgggg

tgggagggga

gttggtattg

gtgaaaggaa

aattaaggat
ttttggtgta
taatagatgg
gagaggtgta
agtataggaa
gggtggtaaa
atgaatgtga
gtaggttgga
gaaggggaat
tggatgggtt
agaggatgag
ggttgggtgg
gggggggtat
tggggtgggg
ggggttggtt
ttgggggaag
tggatgatgg
gaggaggaag
gatgaggatg
gtgaaggggg
ggaatatgat
tgggggaggg
gggaatgggg
tggggttgta

ggaagttggt

2203

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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attgtgtaga
ttttgagagg
agtgaggggg
gatgtgggtt
gtgtaggggag
tggggggtgg
agaatgggag
gggggggtaa
gaatgggggyg
gaggagtagg
gggaggggtyg
agaagggtgg
ggtgaatggg
gatgggggag
gtgagtgggg
tggtggtgag
ggagagggga
gttggagtag
ggagttgaat
gggggttagg
ggtattgggt
ggtgttttgg
tagagaagtg
tggggttttg
gtaaaggggg
ggatggggtg
attttttgat
agatggggga
ggggggaagg
gtgattgatt

ttggggttag

aagtatagga
agaggaagtg
tggaggagtg
gttgggggtg
tgatgttgaa
gggaggggag
atgggagggyg
tgggagggag
gggatggggt
atgaatgggg
aggggtggta
ttgggggtgg
ggtgggttga
gggggtgagg
gttaaattgg
atgggggatg
gtggtgggag
gggtagtgtg
gaagtgttta
atggaggggyg
ggtgagttgg
ttgggtgagg
gggatggttg
atgatattta
atagtgagga
ggggtattgg

ggaggatttg

aataatatgg
atggagagat
ggggagggag

gggttgggtg

EP 3 587 567 A1

agttggaagg
gtaatggtag
gtggggagga
gaggagatgg
gtggaagtgg
agggttttgg
tgaaaagagg
tttagggggt
gtatgggtgg
taggttttgg
atgaggaggg
taatgggggyg
gttaggggaa
agttgttttt
gaagggttat
gggtgggagyg
ggggtgatgt
agggagagtt
ggttgtggag
aggatggagt
atggtttggg
ggtggatggg
ggggtatggg
atgagggagt
aaggggtggg
gaaaggatga
gggagagggyg
gtgggggtgg
ttgatggagg
gagatgatga

atggggggta

aggtggaggg
g9aggggggyg
atggggatat
ggatgggtgg
gggggggagt
gtggggaaga
ggggagtaag
gtggtaggtg
ggagttgaag
gggtgataaa
gatgaggaag
gggggttgga
tgtggttatg
tatggggaat
tagggaggtg
g99999999ag
gggggggttyg
gggggggggat
ggagatggag
ggaggaggtyg
gggataaagg
gggtggggtyg
gaaaatgagg
gatggaggga
agtatttagg
gggggggggt
ggaaggggtg
tgtggggtgg
gatagagggg
gagtggggtg

g999ag999999

72

tagataaagg
tgaggtggaa
ggaaagggtg
tttggatgag
ggtgtggggg
ggtagggggt
ggggtgggga
ggggaggtgg
atgaagggta
taaggttttg
tgtatgtggg
gggttggagg
gaggggtgga
ggagatgtgt
gatggaaaaa
ggtgagagtg
tgaggatggg
gtgggggtgg
agggagttga
gttatgggta
gaagtggaaa
gggaaagagg
ggggtaaggg
gtgggagagg
gaaaggggga
gtgtggaggt
gtgttgatgg
ggggggttga
gtggtgatta
attaggatgg

atgatgggtg

ggggggttat
ttggggggat
gatattgagg
ttggtgttga
ataattgaat
atagatgttg
tagttttgtt
gagttgaggg
atggggattt
gggtgatggt
gtggagtgga
gaggggttag
ggggtgaagt
gaaagaaagg
tggatttggg
aggttttggg
gtggggttygg
ggtagttgag
ggggttggga
tgagggaaga
aagtggtggt
agagggttga
gaggaggggt
aagggggggt
agagtgttag
agggaaaggg
aggggggggt
tagtggaggg
ggggggtggyg
gggtggagga

agaggattga

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420
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ttgggaggat
gggagagggt
tgttgtggtt
ggagaggatg
ggaggagagg
tgagggtggg
gggtggagag
gagggtgatg
ggtgggataa
gagggtggag
tgatttgtgt
agatatggtg
ggttttgtgg
gggggtaagg
aaataattgg
aagaaggggt
ggttggtgta
tatgggggtg
ggagggaaag
ggggtgttgg
ggtaagggga
gatggtgata
agtaataaaa
agttagatgg
gatataagtg
gaagagaaga
taaaggtggg
agaagg
<210> 16
<211> 6199
<212> DNA
<213>

<220>

ggggtgggtt
gtaggagagg
gatgaggagg
atggtggtga
attttgaatg
gtggggggtg
tttggggttt
gataatttga
agaaagtgtt
tagagggggg
agtgggttta
atgttggaga
ggggggtaaa
gagggagggg
ggtgtggggt
gggattgtgg
gatgggggga
aggaagatgg
ggggattggg
gtattagggg
gggttttggg
gtaggtttgg
agaggggtgg
gggatggggg
gtgggggttg

gtgaataaat

ggtgggggtyg

EP 3 587 567 A1

tgaatattgg
ggatggttgg
atatggtgga
gggttaaggg
gggaggtggg
tggagttgaa
tggaggttga
ggggggaaag
aggggtaggt
gtgaaatgat
tggaggaagg
taagtggggt
aatggggtga
gggttggagg
tggtgtaggg
gtgggaagaa
tggtaagggt
gagggaggga
gattgagggt
aggtggggaa
agtgaggagg
tgaggttgtg
gagggtaatt
ttggggttat
gtaggttgaa
gtgaattgat

ggttagatgg

Artificial Sequence

gttgatggag
gataatggga
ggatggtgtg
gtggaatgag
ggaaagggag
ggaggggagyg
gaggtagtgt
ggggggtggg
agtgagggaa
gattaaaggg
agaggtgagg
gagtggaggg
ggtgaaattg
agagatgaaa
aggtttgatg
aggggggatt
ggatgtggga
ggtttggggg
ggggaagtgt
agggggatgt
ttgtaaaagg
agtggaaaat
gggggttggg
taaggggtgt
ggattgaagt
ggagaagatt

tattattggt

73

gagatagagg
agaggggagyg
gtgatggatg
gaaggggttg
atgggagggt
atagagattg
gaggggatgg
ggtggggagg
gtggggggag
agtgggaaga
gaaaatgggg
gaggaggatg
agaggggaaa
gggggagtta
aagattaaat
gagggtaatg
gtttgagggg
aggggttgtg
tgggaagggg
ggtggaaggg
agggggagtg
agtgaggtgg
agggtttttt
tgtaagggga
gggatataaa
ggtggagggg

tgggtaagtg

gggtaggggt
gggttaaagt
aggtgaggat
gggttgagga
tgtggttgaa
gggatttggg
ggataaggag
tgggtttgag
atgtgaagtt
tggaaatggg
gtgatggggg
agggggaggg
ggagtgtggt
aggggatgaa
gtgagggagt
ggataggtga
aggaggagag
gtgggggaaa

gatgggtggg

gattaagttg
aatgggtaat
gggaaaatgg
tgtgtgggta
tgggtggggt
ttataaagag
gtgatatgtg

aatgtgtgaa

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5046
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<223>

<400> 16
aattctaaaa

ttgatgccecet
ttgttactcg
aaaaaaatct
ccattgagcc
tctectgtea
cgattggcac
cacacaccce
gcgtcaccett
atttatgtca
atatgaattt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tcegecceccee
caggactata
cgaccctgcece
ctcatagctce
gtgtgcacga
agtccaaccce
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg

cgatacggga

Plasmid pG204

attgattgaa
ttttcaggge
ggaagggctt
ttcggaactg
tgtttctctg
gttagctttg
attggcagcet
aaagccttet
catggtggtce
acaccgccag
attttttgca
ccaacgcgcg
ctcgetgege
acggttatcce
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
acccccecegtt
ggtaagacac
gtatgtaggce
gacagtattt
ctcttgatcc
gattacgcgce
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttegt

gggcttacca

EP 3 587 567 A1

tgtatgcaaa
tggaatgtgt
tacctcttee
gttttgcget
cgcgacgttc
gtggtgtgtg
aatccggaat
gctttgaatg
agtgecgtect
agataattta
ggggggcatt
gggagaggcg
teggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgttteecce
tacctgtccg
tatctcagtt
cagcccgace
gacttatcge
ggtgctacag
ggtatctgceg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag

tctggeccca

taaatgcata
aagagcgggyg
gcataaacge
taccccaacc
gcggcggegt
gcagttgtag
cgcacttacg
ctgeccettet
gctgatgtge
tcaccgcaga
gtttggtagg
gtttgcgtat
ggctgeggeg
gggataacge
aggccgegtt
gacgctcaag
ctggaagctc
cctttectece
cggtgtaggt
gctgegecett
cactggcagce
agttcttgaa
ctctgctgaa
ccaccgctgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgcectt
ttgecetgact

gtgctgcaat

74

caccataggt
ttatttatge
ttccatcage
aacaggggat
gtttgtgcat
tcectgaacga
gccaatgett
tcagggcectta
tcagtatcac
tggttatctg
tgagagatca
tgggcgetcet
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctegtgege
ttcgggaage
cgttcegetcee
atceggtaac
agccactggt
gtggtggect
gccagttacc
tagcggtggt
agatcctttg
gattttggte
aagttttaaa
aatcagtgag
cceegtegtg

gataccgcga

gtggtttaat
tgttgttttt
gtttatagtt
ttgctgettt
ccatctggat
aaaccccccg
cgtttegtat
atttttaaga
cgccagtggt
tatgtttttt
attctgcatt
tcegettect
gctcactcaa
atgtgagcaa
tteccatagge
cgaaacccga
tctcctgtte
gtggcgettt
aagctgggct
tatcgtcettg
aacaggatta
aactacggcet
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta

gacccacgct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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caccggcetcee
gtcctgcaac
gtagttcgec
cacgctegte
catgatcccce
gaagtaagtt
ctgtecatgec
gagaatagtg
cgccacatag
tctcaaggat
gatcttcagce
atgccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cctttegtet
agacggtcac
cagcgggtgt
tgagagtgca
catcaggcge
tttgttectg
cgcgcagttt
gatgattgtc
cgttteectga
cacacagaaa
ttttaacctg
catccatgaa
caatgtcacc
taaacagtgg
actgaaccag
aggcgaactg

agacggcaaa

agatttatca
tttatccgece
agttaatagt
gtttggtatg
catgttgtgce
ggccgcagtg
atccgtaaga
tatgeggega
cagaacttta
cttaccgetg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgegegttte
agcttgtctg
tggcgggtgt
ccatatatgce
ctecectcaacce
attggttacg
accggtgect
gcgggtgtga
ggaaccatga
aacgaccgta
caagatggat
ctgetgtggt
atctgggacg
cgcgecetgge
ctgaaaaacg
gataaaatgg

ctctettgee

EP 3 587 567 A1

gcaataaacc
tccatccagt
ttgecgcaacg
gcttcattcea
aaaaaagcgg
ttatcactca
tgecttttetg
ccgagttget
aaagtgctca
ttgagatcca
ttcaccagcecg
agggcgacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacg
taagcggatg
cggggctgge
ggtgtgaaat
tgtatattceg
gcgegttteg
gggtgcagta
tcatgatggt
aacagtattt
ccggaaccgg
tccegetggt
ttetgecaggg
aatgggccga
caacgccaga
acccggattc
cgctggeacce

agctttatca

agccagccgg
ctattaattg
ttgttgcocat
gcteceggtte
ttagctcett
tggttatggce
tgactggtga
cttgeececgge
tcattggaaa
gttcgatgta
tttectgggtg
ggaaatgttg
attgtctcat
cgcgcacatt
taacctataa
gtgaaaacct
ccgggageag
ttaactatgc
accgcacaga
taaaccacgce
catcattgtt
catcagcatg
ctgggcatat
agaactgatg
aacgctttece
gacaactaaa
cgacactaac
tgaaaacggc
tggtcgtcat
gcgecgeatt
gtgccatgea

gcegetectgt

75

aagggccgag
ttgccgggaa
tgctacaggce
ccaacgatca
cggtecctecg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttceg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tccccgaaaa
aaataggcgt
ctgacacatg
acaagcccgt
ggcatcagag
tgcgtaagga
ccaatgggag
gagtttttcce
gggcaaattc
cgtcgecagee
caaaaagtgce
atttttggte
cgttgeccacc
attgcttatce
gacctcggge
attgaccaga
attgtttcag
ttecttecagt

gacgtcttce

cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctectteettt
atatttgaat
gtgccacctg
atcacgaggce
cagctcecgg
cagggcgegt
cagattgtac
gaaaataccg
ctgtetcagg
gccagcccga
tttccatcce
cacagcaaca
tcgacgaagg
atcagatgcg
tgcgttccat
tacacgaaaa
cagtgtatgg
tcactacggt
cgtggaacgt
tctatgtgge

tcggectgee

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720
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gttcaacatt
agtgggtgat
aactcatctg
acccgaatcce
tcegggeatt
agtgtgcgtc
attcgccatt
tacgccaget
tttccecagte
gcatcaggac
aaaccaccag
gtcagtcgga
ttacctttat
gttcecctgac
gtcggecatat
tcgtcgagag
agatattcat
tgttgattaa
tcattaataa
gtttcaatgt
cctagteggg
atgcgtaacg
gtcacctaat
tataatttgce
aaacaaatat
aagaaaaaag
gcagctcgag
tataagtatt
ctgatgtace
tagctaagct

tatatttttt

gccagctacg
tttgtctgga
caattaagcc
atcttcgact
aaagcgccgg
ggttttttta
caggctgege
ggcgaaaggyg
acgacgttgt
ggtatctttg
tcagaatgtg
cgacatggta
gcgatgaaac
ctgccatcca
ttaaaaacga
attccggttt
caaaatgaac
tgatgagcectt
acaccactga
cgttgatttce
tgtaactaca
ataattcccc
gcgccactcet
ctggaattgt
ttcgectgecag
gcacgtcatc
ctaacacgag
ttttggagtt
taaataagcc
cattaaccat

actgagtaat

EP 3 587 567 A1

cgttattggt
ccggtggega
gcgaaccgcg
accgtttcga
tggctatcta
cccteegtta
aactgttggg
ggatgtgctg
aaaacgacgg
tggagaaagc
ttagcgcatg
gataacctgt
ggtcttgget
cattcgcaac
ggttatcgtt
aatcgattta
attggcaatt
gatacgctga
agggcgctgt
tcttttttta
taaatccata
ttacctgaat
cgcgattttt
cttaaagtaa
gagtatcctg
tgacgtgceccet
ctatgtttat
atatcgtacc
ccccaccaac
aaatcttctt

gtttcgatat

gcatatgatg
cacgcatctg
tcecgetgecg
agactttgag
attacgaaac
aattcttcga
aagggcgatc
caaggcgatt
ccagtgccaa
agagtaatct
ttgacaaaaa
ttattatgcg
ttgatattca
atactcgatt
gtctettttt
gaactgatca
gccataaaaa
ctgttagaag
gaatcacaag
acccctctac
ataatcgttg
atttcatcat
caggcggact
agtaaatgtt
gaagatgttc
tttttatttg
ccacgtttat
aaggagtagg
taaaactact
cttgtgataa

tttctttaca

76

gcgcagcagt
tacagcaacc
aagttgatta
attgaaggct
atcctgecag
gacgccttcece
ggtgegggec
aagttgggta
gctttcttta
tattcagcecct
taccattagt
ttttgatctt
tttggtcaga
cggttecgget
tcagaatatc
ataaattttt
cgataaataa
catcgtggat
ctatggcaag
tcaacagata
acatggcata
gactaaacgg
tactatcccg
gcgatatgtg
gtgagaagct
tactaccctg
ccagtgattg
ataaataaca
attcgctata
atcttctgaa

ccaaaaaata

gcgatctgga
atatggatca
tcaaacgtaa
acgatccgca
agccgacgcec
cgaaggcgcc
tcttcegetat
acgccagggt
atgaagcagg
gactggtggg
cacattatcc
acgtttaata
gatttgaatg
caatgataac
gccaaggata
tctgaccaat
cgtattggga
gaaacagtcc
gtcatcaacg
cccggttaaa
ccctcactceca
aacaacatgg
taaagtgttg
agtgagctta
tactgctcac
tacgattact
actatgggga
atctgtgacg
atatgatggt
taatatatat

tcatcactga

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580
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aaataaacac
actctaacga
ttecttatatg
cttgttcaga
aaaagtgctc
attcaaaatc
caggatataa
aatactgtaa
cattttcagce
catacccaaa
acattatatc
<210> 17

<211>

<212>
<213>

DNA
<220>
<223>

<400> 17
tctagaattc

ttaatttgat
tttttttgtt
tagttaaaaa
gctttccatt
tggattctcc
ccecegegatt
cgtatcacac
taagagcgtc
gtggtattta
tttttatatg
gcattaatga
ttecctegete
ctcaaaggcg
agcaaaaggc

taggctccege

6170

gtcacgtatc
acaaacgcca
aatagaaagt
cacattcettt
agattgccaa
ataaccatag
tettgaccca
atattcctet
ataatgactt
tgagaactga

tcettettg

Plasmid pG21l6

taaaaattga
gceccttttte
actcgggaag
aatctttcegg
gagcctgttt
tgtcagttag
ggcacattgg
accccaaagce
accttcatgg
tgtcaacacc
aatttatttt
atcggccaac
actgactcgce
gtaatacggt
cagcaaaagg

cceectgacg

EP 3 587 567 A1

attgccaaat
tgagttaaag
gatgattgag
ggaataaaaa
taccctatat
gcatgaaatt
cgaaccaaaa
ggaatttgta
atatcaaaat

aaaagttgat

Artificial Sequence

ttgaatgtat
agggctggaa
ggctttacct
aactggtttt
ctctgegega
ctttggtggt
cagctaatce
cttetgettt
tggtcagtge
gccagagata
ttgcaggggg
gcgeggggag
tgcgetceggt
tatccacaga
ccaggaaccg

agcatcacaa

cgcgtatttt
tagctgtttt
attcaagaat
attcttttag
attttttgga
cattgcaaaa
atttataaat
gattgtttag
ataatggtgt

ttccaagtcc

gcaaataaat
tgtgtaagag
cttecegeata
gcgettaccee
cgttegegge
gtgtggcagt
ggaatcgcac
gaatgctgece
gtcctgetga
atttatcacc
gcattgtttg
aggcggtttg
cgtteggetg
atcaggggat
taaaaaggcce

aaatcgacgce

77

atttaaagct
gttttttata
ttttgctgea
atctaatata
tttccatttt
acctaaaaaa
attattaatt
cctgtaacca
cccattaatt

gccttgtaat

gcatacacca
cggggttatt
aacgcttcca
caaccaacag
ggcgtgtttg
tgtagtcctg
ttacggccaa
cttectteagg
tgtgctcagt
gcagatggtt
gtaggtgaga
cgtattggge
cggcgagcgyg
aacgcaggaa
gcgttgctgg

tcaagtcaga

tttttgtaat
taatctcctc
agtaaatttg
tgtttatgga
tgcgctatat
agaaagattt
tttggtgtgt
ccatgatcat
ttggaaagcg

cttataatag

taggtgtggt
tatgctgttg
tcagecgttta
gggatttget
tgcatccatc
aacgaaaacc
tgcttegttt
gcttaatttt
atcaccgcca
atctgtatgt
gatcaattcet
gctetteege
tatcagctca
agaacatgtg
cgttttteca

ggtggcgaaa

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6199

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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cccgacagga
tgttcegace
gctttctcat
gggctgtgtg
tecttgagtcece
gattagcaga
cggctacact
aaaaagagtt
tgtttgcaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctcageg
aactacgata
acgctcaccg
aagtggtcct
agtaagtagt
ggtgtcacge
agttacatga
tgtcagaagt
tcttactgte
attctgagaa
taccgegeca
aaaactctca
caactgatct
gcaaaatgcc
cctttttcaa
tgaatgtatt
acctgacgtce
gaggcccttt

cceggagacg

ctataaagat
ctgeccgetta
agctcacgcect
cacgaacccc
aacccggtaa
gcgaggtatg
agaaggacag
ggtagctctt
cagcagatta
tctgacgetce
aggatcttca
tatgagtaaa
atctgtctat
cgggagggct
gctccagatt
gcaactttat
tcgeccagtta
tcgtegtttg
tccecccatgt
aagttggccg
atgccateccg
tagtgtatgce
catagcagaa
aggatcttac
tcagcatctt
gcaaaaaagg
tattattgaa
tagaaaaata
taagaaacca
cgtectegege

gtcacagctt

EP 3 587 567 A1

accaggcgtt
ccggatacct
gtaggtatct
ccgttcagee
gacacgactt
taggeggtge
tatttggtat
gatccggcaa
cgcgcagaaa
agtggaacga
cctagatcct
cttggtctga
ttegttcate
taccatctgg
tatcagcaat
ccgectecat
atagtttgcg
gtatggecttce
tgtgcaaaaa
cagtgttatc
taagatgcectt
ggcgaccgag
ctttaaaagt
cgctgttgag
ttactttcac
gaataagggc
gcatttatca
aacaaatagg
ttattatcat
gtttcggtga

gtctgtaagce

tccecectgga
gtccgecettt
cagttcggtg
cgaccgetge
atcgeccecactg
tacagagttc
ctgcgetctg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgce
ccccagtget
aaaccagcca
ccagtctatt
caacgttgtt
attcagctce
agcggttagc
actcatggtt
ttetgtgact
ttgctcettge
gctcatcatt
atccagttcg
cagcgtttcet
gacacggaaa
gggttattgt
ggttccgege
gacattaacc
tgacggtgaa

ggatgccggg

78

agctccecteg
ctcecttegg
taggtcgttc
gccttatecg
gcagcagcca
ttgaagtggt
ctgaagccag
gctggtageg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactcecceceg
gcaatgatac
gccggaaggg
aattgttgcece
gccattgecta
ggttcccaac
tccttcggtce
atggcagcac
ggtgagtact
ccggcgtcaa
ggaaaacgtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgagcg
acatttccce
tataaaaata
aacctctgac

agcagacaag

tgecgcetctee
gaagcgtgge
gctccaagct
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttegg
gtggtttttt
ctttgatctt
tggtcatgag
ttaaatcaat
gtgaggcacc
tegtgtagat
cgcgagaccce
ccgagcgcag
gggaagctag
caggcatcgt
gatcaaggcg
ctccgatcgt
tgcataattc
caaccaagtce
tacgggataa
ctteggggeg
ctegtgecacce
aaacaggaag
tcatactctt
gatacatatt
gaaaagtgcc
ggcgtatcac
acatgcagct

cccgtcaggg

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820
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cgcgtcageg
tgtactgaga
taccgcatca
tcaggtttgt
cccgacgcegce
atcccgatga
caacacgttt
gaaggcacac
atgecgtttta
tccatcatcc
gaaaacaatg
tatggtaaac
acggtactga
aacgtaggcg
gtggcagacg
ctgecegttceca
ctggaagtgg
gatcaaactc
cgtaaacccqg
ccgecateegg
acgccagtgt
gcgccattcg
gctattacge
agggttttcce
gcagggcatc
gtgggaaacc
tatcegtcecag
taatattacc
gaatggttcc
ataacgtcgg
ggatatcgtc

ccaatagata

ggtgttggeg
gtgcaccata
ggcgectect
tcectgattgg
agtttaccgg
ttgtcgeggg
cctgaggaac
agaaaaacga
acctgcaaga
atgaactgct
tcaccatctg
agtggcgege
accagctgaa
aactggataa
gcaaactctc
acattgccag
gtgattttgt
atctgcaatt
aatccatctt
gcattaaagce
gcgteggttt
ccattcaggc
cagctggcga
cagtcacgac
aggacggtat
accagtcaga
tcggacgaca
tttatgecgat
ctgacctgece
catatttaaa
gagagattcc

ttcatcaaaa

EP 3 587 567 A1

ggtgtcgggyg
tatgcggtgt
caacctgtat
ttacggcgeg
tgcetgggtg
tgtgatcatg
catgaaacag
ccgtacecgga
tggattcceg
gtggtttctg
ggacgaatgg
ctggccaacg
aaacgacccg
aatggcgcetg
ttgccagett
ctacgegtta
ctggaccggt
aagccgcgaa
cgactaccgt
gceggtgget
ttttacccte
tgcgcaactg
aagggggatg
gttgtaaaac
ctttgtggag
atgtgttagc
tggtagataa
gaaacggtct
atccacattc
aacgaggtta
ggtttaateg

tgaacattgg

ctggcttaac
gaaataccgc
attcgtaaac
tttegeatca
cagtacatca
atggtctggg
tatttagaac
accggaacgce
ctggtgacaa
cagggcgaca
gccgatgaaa
ccagatggtce
gattcgecgece
gcaccgtgcece
tatcagcget
ttggtgcata
ggcgacacgc
ccgegtecge
ttcgaagact
atctaattac
cgttaaattc
ttgggaaggg
tgctgcaagg
gacggccagt
aaagcagagt
gcatgttgac
cctgtttatt
tggctttgat
gcaacatact
tegttgtcte
atttagaact

caattgccat

79

tatgcggcat
acagatgcgt
cacgcccaat
ttgttgagtt
gcatggggca
catatcgtcg
tgatgcaaaa
tttccatttt
ctaaacgttg
ctaacattgc
acggcgacct
gtcatattga
gcattattgt
atgcattctt
cctgtgacgt
tgatggcgca
atctgtacag
tgccgaagtt
ttgagattga
gaaacatcct
ttcgagacge
cgatcggtgc
cgattaagtt
gccaagcettt
aatcttattc
aaaaatacca
atgegttttg
attcatttgg
cgattcggtt
ttttttcaga
gatcaataaa

aaaaacgata

cagagcagat
aaggagaaaa
gggagctgtc
ttteegecag
aattctttece
cagcccacag
agtgctcgac
tggtcatcag
ccacctgegt
ttatctacac
cgggccagtg
ccagatcact
ttcagegtgg
ccagttctat
cttcetegge
gcagtgecgat
caaccatatg
gattatcaaa
aggctacgat
gccagagcecg
cttcecgaag
gggcctcttce
gggtaacgcce
ctttaatgaa
agcctgactg
ttagtcacat
atcttacgtt
tcagagattt
cggctcaatg
atatcgccaa
ttttttetga

aataacgtat

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740
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tgggatgttg
agtcctcatt
caacggtttc
ttaaacctag
actcaatgceg
catgggtcac
tgttgtataa
gcttaaaaca
tcacaagaaa
tactgcaget
cacaggatgt
tttttgatca
caagactgca
aacgggtaac
tccagatttt
agctgccage
gcagccagga
agggtgaaag
tagccatgga
atttctttge
aggttctgceca
aacaggtgca
ggaatgttca
aggccgecgt
<210> 18

<211> 6155
<212> DNA
<213>

<220>
<223>

<400> 18

attaatgatg
aataaacacc
aatgtcgttg
tcgggtgtaa
taacgataat
ctaatgcgcece
tttgecctgga
aatatttegce
aaaggcacgt
cgagttagga
tttegttacc
ggtaggctge
tcagcatcat
ccagatccag
gaacacgttt
ccaggcgcat
tctgggacag
tttgtttgat
aatacgcaat
taacgcggece
tgtgtgcege
ggcccagttce
ggtgagtctg

gcacctgaac

Plasmid pG217

EP 3 587 567 A1

agcttgatac
actgaagggce
atttctcttt
ctacataaat
tceecttace
actctcgega
attgtcttaa
tgcaggagta
catctgacgt
tttegttteg
gtaaatccag
ccaccaggag
gtcccagtgg
gttctgtacg
tgccatatac
gtaatcgcca
tttacgagag
cagaggggag
gcggctcggt
cagacccata
ggcgatetge
acggttaccg
cagagattta

gattttgaaa

Artificial Sequence

gctgactgtt
gctgtgaatc
ttttaacccc
ccataataat
tgaatatttce
tttttcagge
agtaaagtaa
tcctggaaga
gcectttttta
aattgggatt
tgggacggac
taagtgctgt
gctgcaccat
aattccagat
gcaatggcgce
cggcggatgt
tactgttcceg
atatcttcga
tcaaacagtt
cgacgcagtg
tgggcggacg
taatcgaacc
gcgaatgegt

tccattatat

agaagcatcg
acaagctatg
tctactcaac
cgttgacatg
atcatgacta
ggacttacta
atgttgcgat
tgttcgtaga
tttgtactac
cgattttaac
caatgataat
tagtgatgat
cacgcgtegt
cctecgcagaa
gcagctggta
gaacgaacac
cgtgttecggt
aatagcgecgg
ccggcatgta
caccacgcac
cacactgcag
aagtggtatc
actggaacat

ctccttettg

tggatgaaac
gcaaggtcat
agatacccgg
gcataccctce
aacggaacaa
tccegtaaag
atgtgagtga
agcttactge
cctgtacgat
ccagtcetttg
tttttcecgga
accgtgtttg
catgtcaaca
caggaacagt
ggagatgtcc
agagtttttce
cgggtgagge
gtcctgaaag
ctcgaataca
cagacgcggc
gtcgatcggg
cagcagtacc

ctggttaccc

tctagaattc taaaaattga ttgaatgtat gcaaataaat gcatacacca taggtgtggt

ttaatttgat gccetttttec agggctggaa tgtgtaagag cggggttatt tatgctgttg

80

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6170

60

120
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tttttttgtt
tagttaaaaa
gctttccatt
tggattctcce
ccecegegatt
cgtatcacac
taagagecgtce
gtggtattta
tttttatatg
gcattaatga
ttcectegetce
ctcaaaggcg
agcaaaaggc
taggctccge
cccgacagga
tgttcecgacce
gctttctcecat
gggctgtgtg
tecttgagtce
gattagcaga
cggctacact
aaaaagagtt
tgtttgeaag
ttectacgggg
attatcaaaa
ctaaagtata
tatctcageg
aactacgata
acgctcaccg
aagtggtcct
agtaagtagt

ggtgtcacge

actcgggaag
aatctttcgg
gagcctgttt
tgtcagttag
ggcacattgg
accccaaagc
accttcatgg
tgtcaacacc
aatttatttt
atcggccaac
actgactcgce
gtaatacggt
cagcaaaagg
ccecectgacg
ctataaagat
ctgeegetta
agctcacgct
cacgaacccc
aacccggtaa
gcgaggtatg
agaaggacag
ggtagctctt
cagcagatta
tctgacgete
aggatcttca
tatgagtaaa
atctgtctat
cgggagggct
gctccagatt
gcaactttat
tecgecagtta

tegtegtttg

EP 3 587 567 A1

ggctttacct
aactggtttt
ctctgegega
ctttggtggt
cagctaatcc
cttectgettt
tggtcagtgce
gccagagata
ttgcaggggg
gcgcggggag
tgcgeteggt
tatccacaga
ccaggaaccg
agcatcacaa
accaggegtt
ccggatacct
gtaggtatct
ccgttcagece
gacacgactt
taggcggtge
tatttggtat
gatccggcaa
cgcgcagaaa
agtggaacga
cctagatcct
cttggtctga
ttegttecate
taccatctgg
tatcagcaat
ccgecteceat
atagtttgeg

gtatggettce

cttecegeata
gcgcecttacce
cgttcegegge
gtgtggcagt
ggaatcgcac
gaatgctgcc
gtcctgetga
atttatcacc
gcattgtttg
aggcggtttg
cgttcggetg
atcaggggat
taaaaaggcc
aaatcgacgc
tccecectgga
gtecegecttt
cagttcggtg
cgaccgctgce
atcgeccactg
tacagagttc
ctgcgcectetg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgce
ccccagtget
aaaccagcca
ccagtctatt
caacgttgtt

attcagctcc

81

aacgcttcca
caaccaacag
ggcgtgtttg
tgtagtcctg
ttacggccaa
cttcttcagg
tgtgctcagt
gcagatggtt
gtaggtgaga
cgtattggge
cggcgagcgg
aacgcaggaa
gcgttgetgg
tcaagtcaga
agctceccteg
ctceecttegg
taggtcgttce
gccttatccg
gcagcagcca
ttgaagtggt
ctgaagccag
gctggtagcg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactcececceg
gcaatgatac
gccggaaggg
aattgttgcc
gccattgceta

ggttcccaac

tcagcgttta
gggatttgct
tgcatccatc
aacgaaaacc
tgcttegttt
gcttaatttt
atcaccgeca
atctgtatgt
gatcaattct
gctcttecge
tatcagctca
agaacatgtg
cgtttttcca
ggtggcgaaa
tgcgetetce
gaagcgtggce
gctccaagcet
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttcegg
gtggtttttt
ctttgatctt
tggtcatgag
ttaaatcaat
gtgaggcacc
tecgtgtagat
cgcgagaccce
ccgagcgcag
gggaagctag
caggcatcgt

gatcaaggcg

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040
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agttacatga
tgtcagaagt
tcttactgtce
attctgagaa
taccgegeca
aaaactctca
caactgatct
gcaaaatgcc
cctttttcaa
tgaatgtatt
acctgacgtc
gaggcccttt
cccggagacg
cgcegtcageg
tgtactgaga
taccgecatca
tcaggtttgt
cccgacgcege
atcccgatga
caacacgttt
gaaggcacac
atgcgtttta
tccatcatce
gaaaacaatg
tatggtaaac
acggtactga
aacgtaggcg
gtggcagacg
ctgecegttea
ctggaagtgg

gatcaaactc

tccecccatgt
aagttggccg
atgccatccg
tagtgtatgce
catagcagaa
aggatcttac
tcagcatctt
gcaaaaaagg
tattattgaa
tagaaaaata
taagaaacca
cgtctegege
gtcacagctt
ggtgttggeg
gtgcaccata
ggcgcectcect
tcctgattgg
agtttaccgg
ttgtcgcggg
cctgaggaac
agaaaaacga
acctgcaaga
atgaactgct
tcaccatctg
agtggcgegce
accagctgaa
aactggataa
gcaaactctc
acattgeccag
gtgattttgt

atctgcaatt
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tgtgcaaaaa
cagtgttatc
taagatgctt
ggcgaccgag
ctttaaaagt
cgctgttgag
ttactttcac
gaataagggce
gcatttatca
aacaaatagg
ttattatcat
gtttcggtga
gtctgtaage
ggtgtcgggg
tatgcggtgt
caacctgtat
ttacggcgeg
tgcctgggtg
tgtgatcatg
catgaaacag
ccgtacecgga
tggattccecg
gtggtttctg
ggacgaatgg
ctggccaacg
aaacgacccg
aatggcgctg
ttgccagcett
ctacgcgtta
ctggaccggt

aagccgcgaa

agcggttage
actcatggtt
ttctgtgact
ttgctcettge
gctcatcatt
atccagttcg
cagcgtttcet
gacacggaaa
gggttattgt
ggttccgege
gacattaacc
tgacggtgaa
ggatgccggg
ctggcttaac
gaaataccgce
attcgtaaac
tttcgcatca
cagtacatca
atggtctggg
tatttagaac
accggaacgce
ctggtgacaa
cagggcgaca
gccgatgaaa
ccagatggtc
gattcgegece
gcaccgtgcce
tatcagcgcet
ttggtgcata
ggcgacacgce

ccgegtecge

82

tcectteggte
atggcagcac
ggtgagtact
ccggcgtcaa
ggaaaacgtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgagcg
acatttccce
tataaaaata
aacctctgac
agcagacaag
tatgcggcat
acagatgcgt
cacgcccaat
ttgttgagtt
gcatggggca
catatcgtcg
tgatgcaaaa
tttccatttt
ctaaacgttg
ctaacattgc
acggcgacct
gtcatattga
gcattattgt
atgcattctt
cctgtgacgt
tgatggcgeca
atctgtacag

tgccgaagtt

ctcecgategt
tgcataattc
caaccaagtc
tacgggataa
cttcggggeg
ctcgtgcacce
aaacaggaag
tcatactctt
gatacatatt
gaaaagtgcce
ggcgtatcac
acatgcagct
cccegtecaggg
cagagcagat
aaggagaaaa
gggagctgte
tttcecgecag
aattctttcc
cagcccacag
agtgctcgac
tggtcatcag
ccacctgegt
ttatctacac
cgggccagtg
ccagatcact
ttcagcegtgg
ccagttctat
cttectegge
gcagtgcgat
caaccatatg

gattatcaaa

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900
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cgtaaacccg
ccgcatcecgg
acgccagtgt
gcgecatteg
gctattacge
agggttttcc
gcagggcatc
gtgggaaacc
tatccgtcag
taatattacc
gaatggttcc
ataacgtcegg
ggatatcgtc
ccaatagata
tgggatgttg
agtcctcecatt
caacggtttc
ttaaacctag
actcaatgceg
catgggtcac
tgttgtataa
gcttaaaaca
tcacaagaaa
tactgcagcet
gctteggagt
agccaggcac
atcagcatca
tgcagtggca
ctagcaacac
gaaccggtag
accgegtttt

ttettatcaa

aatccatctt
gcattaaagc
gcgteggttt
ccattcagge
cagctggcga
cagtcacgac
aggacggtat
accagtcaga
tcggacgaca
tttatgcgat
ctgacctgece
catatttaaa
gagagattcc
ttcatcaaaa
attaatgatg
aataaacacc
aatgtcgttg
tcgggtgtaa
taacgataat
ctaatgcgece
tttgcctgga
aatatttcgc
aaaggcacgt
cgagttagga
gctggaacca
cccaccaaga
tatcectgeca
gattttettt
gacgggacat
tagcccagtg
catctttgte

aggtgaagga
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cgactaccgt
gceggtgget
ttttacccte
tgcgcaactg
aagggggatg
gttgtaaaac
ctttgtggag
atgtgttagce
tggtagataa
gaaacggtct
atccacattc
aacgaggtta
ggtttaatcg
tgaacattgg
agcttgatac
actgaagggc
atttctcttt
ctacataaat
tcececttace
actctcgega
attgtcttaa
tgcaggagta
catctgacgt
taccggecact
acggctcgge
aaacgtgctg
ggagtcttca
aacccacgceg
ttcegegata
ttteggetge
caggatttce

ttcacgecact

ttcgaagact
atctaattac
cgttaaattc
ttgggaaggg
tgctgcaagg
gacggccagt
aaagcagagt
gcatgttgac
cctgtttatt
tggctttgat
gcaacatact
tegttgtete
atttagaact
caattgccat
gctgactgtt
gctgtgaatc
ttttaacccc
ccataataat
tgaatatttc
tttttcagge
agtaaagtaa
tcctggaaga
gecetttttta
ttgatccaac
acaataacag
ttacaaatga
tcagtgttcee
atatcgtcgg
gcattctggt
agatagtcac
agcatgttca

tcgtetttga

83

ttgagattga
gaaacatcct
ttcgagacgce
cgateggtge
cgattaagtt
gccaagcecttt
aatcttattc
aaaaatacca
atgcgttttg
attcatttgg
cgattecggtt
ttttttcaga
gatcaataaa
aaaaacgata
agaagcatcg
acaagctatg
tctactcaac
cgttgacatg
atcatgacta
ggacttacta
atgttgcgat
tgttcgtaga
tttgtactac
cagtecgggta
tcttatccat
tgtgatgttt
agtcaatata
agaagatata
aatacggcag
cacgacgaat
ggctgcggga

tatcagcgaa

aggctacgat
gccagagccyg
cttcccgaag
gggcctette
gggtaacgcc
ctttaatgaa
agcctgactg
ttagtcacat
atcttacgtt
tcagagattt
cggctcaatg
atatcgccaa
ttttttectga
aataacgtat
tggatgaaac
gcaaggtcat
agatacccgg
gcataccctc
aacggaacaa
tcecegtaaag
atgtgagtga
agcttactgce
cctgtacgat
gatatceggt
attagggttc
gcaatgagac
aaccgcatte
gtaagatggg
ctggcacacg
gtgcagggaa
atttgetttg

gaaacgctcg

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820
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ctctgataga
agagagttcg
tttttcageg
tcgtaaccegt
taatactttt
gtcactttga
<210> 19
<211>

<212>
<213>

DNA
<220>
<223>

<400> 19
gtccatggaa

accgttgetg
tcccatacaa
ttctecggegt
cgtgaagcac
tgattccggg
cttcagageqg
ggaagcggaa
gctactgggce
gtgggcttac
tgccagcectgg
tcttgeegece
gatcgttteg
agaggctatt
tceggetgte
tgaatgaact
gcgcagctgt
tgceggggeca
ctgatgcaat

cgaaacatcg

5048

aacctttaaa
gcgectgett
gttggttgat
aatggacttt
tcatacgcecag

tcagacgcat

lacZ insertion

gacgtcgaaa
atttatggca
ttagttaacc
tgaatgtggg
agtcgtgtca
gatccgtega
cttttgaage
cacgtagaaa
tatctggaca
atggcgatag
ggcgccectet
aaggatctga
catgattgaa
cggctatgac
agcgcagggg
gcaggacgag
gctcgacgtt
ggatctecctg
gcggeggetg

catcgagcga

EP 3 587 567 A1

gtacagcagc
gcgttegtag
gcagaattcg
gtaatgcatc
atagaaagca

tatatctcct

Artificial Sequence

ggccagaaat
atttttttaa
gtgtgcggca
atgtcgcectca
tagataaaca

tcttg

into the lon gene

aagtggttat
agccggaagce
aaaaaggggg
ggaaacatcc
tctgattacce
cctgcecagttce
tcacgcetgee
gccagtccge
agggaaaacg
ctagactggg
ggtaaggttg
tggcgecaggg
caagatggat
tgggcacaac
cgeeeggtte
gcagcgcegge
gtcactgaag
tcatctcacc
catacgcttg

gcacgtactc

cgacgagtcg
gcaacaggca
gattttatct
ccatatactg
tggcggaaat
gaagttccta
gcaagcactc
agaaacggtg
caagcgcaaa
cggttttatg
ggaagccctg
gatcaagatc
tgcacgcagg
agacaatcgg
tttttgtcaa
tatcgtggcet
cgggaaggga
ttgcteectge

atccggctac

ggatggaagc

84

acttcttctc
aaaacaggaa
ggttgaacac
ggtcgatacg

tectggttgece

gtaattgatg
tctggtgaat
cccctttaat
acgtacatgt
taaactaaga
ttctctagaa
agggcgcaag
ctgaccccgg
gagaaagcag
gacagcaagc
caaagtaaac
tgatcaagag
ttcteceggece
ctgctctgat
gaccgacctg
ggccacgacg
ctggctgcta
cgagaaagta
ctgcccattce

cggtcttgte

gaacgcacgc
ttcgataact
gcggtgcecatt
gacctteggg

cagaccgcca

gtcaaagcaa
aattaaccat
ttttecctcta
taatagatgg
gagagctcta
agtataggaa
ggctgctaaa
atgaatgtca
gtagcttgca
gaaccggaat
tggatggctt
acaggatgag
gcttgggtgg
gccgecegtgt
tceggtgece
ggcgttectt
ttgggegaag
tccatcatgg
gaccaccaag

gatcaggatg

5880

5940

6000

6060

6120

6155

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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atctggacga
gcatgcccga
tggtggaaaa
gctatcagga
ctgaccgcett
atcgecttcet
tattctcectag
ttttgacacc
actgacgggce
catgtgcctt
ctgtagcggce
tegegegtece
gacaatggca
tgcggceccecta
ccaatccgeg
tgaccactac
tgccacgegt
aacaacgctg
gggtcaatgce
tgatcgegea
cctgactgge
ctggtggtca
gccagacgcec
ggttgcacta
ggcagttcaa
agcggcttac
aggtattcgce
tggtgttttg
atacagaact
ttgeegtttt

tgtaaacggg

cccatecgegt

agagcatcag
cggcgaggat
tggcegettt
catagegttg
cctegtgett
tgacgagttc
aaagtatagg
agaccaactg
tccaggagtce
cttcecgegtg
tgatgttgaa
cgcagcgcag
gatcccageg
atccgagcca
ccggatgegg
catcaatcceg
gagcggtegt
cttcggcecectg
gggtcgette
gcggegtcag
ggttaaattg
gatgcgggat
actgctgeca
cgcgtactgt
tcaactgttt
catccagcgce
tggtcactte
ctteegtcecag
ggcgatcgtt
catcatattt
gatactgacg

gggcgtattce
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gggctcgege
ctcgtegtga
tectggattea
gctaccegtg
tacggtatcg
ttctaataag
aacttcgaag
gtaatggtag
gtcgccacca
cagcagatgg
ctggaagtcg
accgtttteg
gtcaaaacag
gtttacccge
tgtatcgetce
gtaggttttc
aatcagcacc
gtaatggccc
acttacgcca
cagttgtttt
ccaacgctta
ggcgtgggac
ggcgctgatg
gagccagagt
accttgtgga
caccatccag
gatggtttge
cgctggatge
cggcgtateg
aatcagcgac
aaacgccetge

gcaaaggatc

cagccgaact
cccatggcga
tcgactgtgg
atattgctga
ccgceteccga
gggatcttga
cagctccage
cgaccggege
atccccatat
cgatggctgg
ccgegecact
ctcgggaaga
gcggcagtaa
tctgectacct
gccacttcaa
cggctgataa
gcatcagcaa
gccgecttece
atgtcgttat
ttatcgccecaa
ttacccagcet
gcggcgggga
tgceceggett
tgceceggege
gcgacatcca
tgcaggagct
ccggataaac
ggegtgceggt
ccaaaatcac
tgatccaccce

cagtatttag

agcgggcegeyg

85

gttegcecagg
tgcectgettg
ccggetgggt
agagcttgge
ttcgcagege
agttcctatt
ctacataagc
tcagctggaa
ggaaaccgtc
tttccatcag
ggtgtgggec
cgtacggggt
ggcggtcggg
gcgccagcetg
catcaacggt
ataaggtttt
gtgtatctgce
agcgttcgac
ccagecggtge
tccacatctg
cgatgcaaaa
gcgtcacact
ctgaccatge
tcteeggetg
gaggcacttc
cgttatcgcet
ggaactggaa
cggcaaagac
cgccgtaage
agtcccagac
cgaaaccgcc

tctecteccagg

ctcaaggcge
ccgaatatca
gtggcggacc

ggcgaatggg
atcgeccttet
ccgaagttcce
ggcecgcettat
ttecegeegat
gatattcagc
ttgctgttga
ataattcaat
atacatgtcect
atagttttct
gcagttcagg
aatcgccatt
ccecctgatge
cgtgcactge
ccaggcgtta
acgggtgaac
tgaaagaaag
atccatttceg
gaggttttcc
ggtecgegtte
cggtagttceca
accgcettgece
atgacggaac
aaactgcectge
cagaccgtte
cgaccacggg
gaagccgecce
aagactgtta

tagcgaaage

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120
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cattttttga
tacatcgggce
gggcgggaag
cctgattcat
attcgegtta
attggcacca
tcgcacageg
ttgttetget
tgcagaggat
agcagcagac
atcagcgtge
gcgctccaca
ccacgctcat
ccctgecata
tcagcctcca
ctgatttgtg
cacatatcct
cggttttete
tggccgtaac
aaaataattc
taacaaccceg
acgttggtgt
gtatcggect
aaccaggcaa
cgggcctcett
tgggtaacgce
atcatggtca
gcactaataa
taagttagat
ctgatataac

aggaagagaa

tggaccattt
aaataatatc
gatcgacaga
tcecccagega
cgegtteget
tgcegtgggt
tgtaccacag
tcatcagcag
gatgctcgtg
cattttcaat
cgtcggeggt
gtttcgggtt
cgataatttce
aagaaactgt
gtacagcgceg
tagtcggttt
gatcttccag
cggegegtaa
cgacccagcg
gcgtctggece
tcggattcte
agatgggcgc
caggaagatc
agcgccattce
cgctattacg
cagggttttc
tagtaggttt
aaacagggct
ggcggatcegg
tgctgegegt

gagtgaataa
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cggcacagcce
ggtggcegtg
tttgatccag
ccagatgatc
catcgececggt
ttcaatattg
cggatggttc
gatatcctge
acggttaacg
ccgcaccteg
gtgcagttca
ttcgacgttce
accgccgaaa
tacccgtagg
gctgaaatca
atgcagcaac
ataactgccg
aaatgcgctce
cccgttgecac
ttecetgtage
cgtgggaaca
atcgtaaccg
gcactccagce
gccattcagg
ccagctggcg
ccagtcacga
cctcaggttg
ggcaggctaa
gcttgeecett
tcgtaccttg

atctcaattg

gggaagggct
gtgtcggcte
cgatacagcg
acactcgggt
agccagegeg
gcttcatcca
ggataatgcg
accatecgtcet
cctcgaatca
cggaaaccga
accaccgcac
agacgtagtg
ggcgeggtge
tagtcacgca
tcattaaagc
gagacgtcac
tcactccagce
aggtcaaatt
cacagatgaa
cagctttcat
aacggcggat
tgcatctgece
cagctttceg
ctgcgcaact
aaagggggat
cgttgtaaaa
tgactgcaaa
ttcgggettg
attaaggggt
aaggattcaa

atcgacaaga

86

ggtcttcatc
cgecgectte
cgtcgtgatt
gattacgatc
gatcatcggt
ccacatacag
aacagcgcac
gctcatccat
gcaacggctt
catcgcaggce
gatagagatt
tgacgcgatc
cgctggegac
actcgccgea
gagtggcaac
ggaaaatgcc
gcagcaccat
cagacggcaa
acgccgagtt
caacattaaa
tgaccgtaat
agtttgaggg
gcaccgcttce
gttgggaagg
gtgctgcaag
cgacggccag
atagtgacct
ccagcctttt
gttgtaaggg
gtgcgatata

ttgctgcagg

cacgcgegeg
atactgcacc
agcgcegtgg
gcgctgecace
cagacgattc
gccgtagegg
ggcgttaaag
gacctgacca
gccgttcage
ttctgetteca
cgggatttcg
ggcataacca
ctgegtttceca
catctgaact
atggaaatcg
gctcatcege
caccgcgagg
acgactgtcc
aacgccatca
tgtgagcgag
gggataggtc
gacgacgaca
tggtgcecgga
gcgatcggtg
gcgattaagt
tgaatccgta
cgcgcaaaat
tttgtctege
gatggctgge
aattataaag

ggctgatatc

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980
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tctaaagetg cggetggeeg tgegttagat getattattg ctteccgtaac tgaatctetg 5040
aaagaagg 5048
<210> 20

<211> 3075

<212> DNA

<213> Escherichia coli

;ESEaniga ttacggattc actggccgtc gttttacaac gtcgtgactg ggaaaaccct 60
ggcgttacce aacttaatcg ccttgcagca catcccecctt tegeccagetg gegtaatage 120
gaagaggcce gcaccgatcg cccttceccaa cagttgegea gectgaatgg cgaatggege 180
tttgeectggt tteceggecace agaageggtg cecggaaaget ggetggagtg cgatcettect 240
gaggccgata ctgtegtegt cecectcaaac tggecagatge acggttacga tgegceccatce 300
tacaccaacg tgacctatcce cattacggtc aatcegecegt ttgttcecccac ggagaatccg 360
acgggttgtt actcgctcac atttaatgtt gatgaaagct ggctacagga aggccagacg 420
cgaattattt ttgatggcgt taactcggeg tttcatctgt ggtgcaacgg gcgectgggtce 480
ggttacggcec aggacagtcg tttgcegtcet gaatttgace tgagcgcatt tttacgegece 540
ggagaaaacc gcctcgeggt gatggtgetg cgectggagtg acggcagtta tcectggaagat 600
caggatatgt ggcggatgag cggcatttte cgtgacgtct cgttgetgeca taaaccgact 660
acacaaatca gcgatttcca tgttgccact cgcetttaatg atgatttcag ccgegetgta 720
ctggaggctg aagttcagat gtgcggcgag ttgcgtgact acctacgggt aacagtttct 780
ttatggcagg gtgaaacgca ggtcgccagc ggcaccgcgce ctttcggegg tgaaattatc 840
gatgagcgtg gtggttatge cgatcgegtc acactacgtce tgaacgtcga aaacccgaaa 900
ctgtggageg ccgaaatcecc gaatctetat cgtgeggtgg ttgaactgeca caccgecgac 960
ggcacgctga ttgaagcaga agcctgcecgat gtcecggtttee gegaggtgeg gattgaaaat 1020
ggtctgectge tgctgaacgg caagecegttg ctgattcecgag gegttaaceg tcacgageat 1080
catcctctge atggtcaggt catggatgag cagacgatgg tgcaggatat cctgctgatg 1140
aagcagaaca actttaacgc cgtgcgctgt tcgcattatc cgaaccatcc gctgtggtac 1200
acgctgtgeg accgctacgg cctgtatgtg gtggatgaag ccaatattga aacccacgge 1260
atggtgccaa tgaatcgtcect gaccgatgat cecgegetgge taccggegat gagcgaacge 1320
gtaacgcgaa tggtgcageg cgatcgtaat caccecgagtg tgatcatctg gtegetgggg 1380
aatgaatcag gccacggcge taatcacgac gegetgtatce gectggatcaa atctgtcegat 1440
cctteeegee cggtgcagta tgaaggeggce ggagccgaca ccacggcecac cgatattatt 1500
tgccecgatgt acgcgegegt ggatgaagac cagcccttece cggetgtgec gaaatggtcece 1560

87



10

15

20

25

30

35

40

45

50

55

atcaaaaaat
cacgcgatgg
cccegtttac
gaaaacggca
cagttctgta
gcaaaacacc
agcgaatacc
ggtaagccge
attgaactgc
gtagtgcaac
tggcgtctgg
ctgaccacca
cgccagtcag
ctgegegate
cgcattgacce
gcagcgttgt
cacgcgtgge
ggtagtggtc
gcgeggattg
ttagggcege
ctgccattgt
gggacgcgeg
agccgctaca
gaaggcacat
agcccegtcag
tggtgtcaaa
<210> 21

<211> 894
<212> DNA
<213>

<400> 21

ggcttteget
gtaacagtct
agggcggcett
acccgtggtce
tgaacggtct
agcagcagtt
tgttcegtea
tggcaagegg
ctgaactacc
cgaacgcgac
cggaaaacct
gcgaaatgga
gctttettte
agttcacccg
ctaacgcctg
tgcagtgcac
agcatcaggg
aaatggcgat
gcctgaactg
aagaaaacta
cagacatgta
aattgaatta
gtcaacagca
ggctgaatat
tatcggegga

aataa
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acctggagag
tggcggttte
cgtetgggac
ggcttacggce
ggtctttgee
tttccagtte
tagcgataac
tgaagtgccet
gcagccggag
cgcatggtca
cagtgtgacg
tttttgcatce
acagatgtgg
tgcaccgetg
ggtcgaacge
ggcagataca
gaaaacctta
taccgttgat
ccagctggeg
tcecegacege
tacccegtac
tggcccacac
actgatggaa
cgacggtttce

attccagcetg

Escherichia coli

acgcgecege
gctaaatact
tgggtggatc
ggtgattttg
gaccgcacgce
cgtttatceg
gagctcctge
ctggatgtcg
agcgccgggce
gaagccggge
cteccecegeeg
gagctgggta
attggcgata
gataacgaca
tggaaggcgg
cttgectgatg
tttatcagce
gttgaagtgg
caggtagcag
cttactgecg
gtettececga
cagtggcgcg
accagccatc
catatgggga

agecgeeggte

tgatcetttg
ggcaggcgtt
agtcgctgat
gcgatacgcece
cgcatccage
ggcaaaccat
actggatggt
ctccacaagg
aactctggct
acatcagcgc
cgtceccacge
ataagegttg
aaaaacaact
ttggcgtaag
cgggccatta
cggtgctgat
ggaaaaccta
cgagecgatac
agcgggtaaa
cctgttttga
gcgaaaacgg
gcgacttcca
gccatctget
ttggtggcga

gctaccatta

cgaatacgcece
tcgtcagtat
taaatatgat
gaacgatcgc
gctgacggaa
cgaagtgacc
ggcgctggat
taaacagttg
cacagtacgc
ctggcagcag
catccecgecat
gcaatttaac
gctgacgeceg
tgaagcgacce
ccaggccgaa
tacgaccgct
ccggattgat
accgcatccg
ctggectcegga
ccgetgggat
tctgegetge
gttcaacatc
gcacgcggaa
cgactcctgg

ccagttggtce

atgtctatta taagattaca aggcggactt ggaaatcaac tttttcagtt ctcatttggg

tatgegettt ccaaaattaa tgggacacca ttatattttg atataagtca ttatgctgaa
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1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3075

60

120



10

15

20

25

30

35

40

45

50

55

aatgatgatc
tattacacac
cctgaaatct
gaatatatag
tttttccata
caagcaaatt
agaagaggag
gagtattaca
attttcagtg
tataatatat
gctaaccatc
tcagegtcac
tatatcccca
<210> 22

<211> 861
<212> DNA

<213>

<400> 22
atggatttca

ttcgctaaat
gattacggta
gcccagcaga
cgtegtatgg
tttgaaccga
gatatctcce
cagtactctc
cgccgtggeg
attgcgtata
gaattcgtac
gcagcccact
acttactcct
tcccactgga

caattcgaaa

atggtggtta

caaaaattaa
ttettttttt
cgcaaaaatg
aacatatatt
tacttgcage
attatataaa
aaaaagcttt
atgatatttt
attattcaga
atattatagce
agattgttat

tagtcaatca

aaatcgttca
ctctgcagac
accgtgaact
tcgecgegge
gtctgggeeg
gcecgecattge
ctctgatcaa
gtaaactgtc
attacatgcg
tggcaaaacg
agaacctgga
gggacatgat
ggtgggcagc
tttacggtaa

cgaaatccta
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caggctaaac
taatatttat
aggtttttge
gaaatccaaa
agatctaaaa
aaaaattctt
aaacaaaaca
aaataaaata
ttggtgtaaa
agatttatca
gaatagtagt
ttatcctact

ctggataaac

Helicobacter mustelae

ggtgcacgge
tcacctgaac
gggcctgcac
acacatgcag
cgttagcaaa
gtatttccat
acaaactttc
ccagatcctg
cctgggctgg
tgttcaaaat
tctgggttac
gctgatgceag
ctacctgatc
cgaaaacatc

a

aatctacaaa
aaatttttgg
aatgaatttc
aaatatatag
gaatttttta
gaatctcaat
gctactttaa
cgcgatttgg
gaaaatatcg
caagaagaag
tttagttggt
ccttggtacg

gtggataaac

ggcetgggta
attccggtac
ctgttceccga
aacctgceccge
gaaattgtat
ggctacttte
acccetgecte
gctgcgaaaa
cagctggaca
ctggaactgt
ccgtttgttg
tecttgcaaac
aaaaatccgg

ctgtgcaaag
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ttccagagga
ttcgtgggtce
atgcctatgg
ggtattggca
ttccaaagaa
catcactttc
ctcatggegt
caatgatacg
aaacattact
atttatggtt
ggggggctta
atataactcc

atagctcegtg

accagatgtt
tgctggatac
tcgacctgca
gtctggtgeg
tcgagtacat
aggacccgeg
acccgaccga
actctgtgtt
tctcctacca
tecectgttcetg
acatgacgac
acggtatcat
aaaaaattat

actgggttaa

atatttacag
aagattatat
ttatgatttt
atctgagcac
tgtgtctgaa
tattcatata
ttgttegtta
tgacgtgttt
cagtaaaaaa
aatgagctta
tttaggtaca
aaaaaatact

ttag

ccagtacgca
cacttggttc
gtgtgcgtcce
tggtgcactg
gccggaactg
ctatttcgaa
acacgcggaa
cgttcacatc
gctgcgcgec
cgaggatctg
gcgtgatggt
cactaacagce
cattggtccg

aatcgaatcc

180

240

300

360

420

480

540

600

660

720

780

840

894

60

120

180

240

300

360

420

480

540

600

660

720

780

840

861
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<210> 23
<211> 846
<212> DNA
<213> Bacteroides vulgatus
<400> 23
atgcgtctga tcaaagtgac tggcggtctg ggcaaccaga tgtttatcta tgcetttctat 60
ctgcgtatga aaaagtatta cccgaaggtc cgtatcgacc tgagcgacat gatgcattac 120
aaagtccatt acggttacga aatgcaccgce gtgttcaacc tgccgcacac cgaattectge 180
atcaaccaac cgctgaaaaa agttatcgaa ttcctgtttt ttaaaaaaat ctacgaacgce 240
aagcaggcgc cgaactctct gegtgegttc gagaagaagt atttctggcecc gectgetgtac 300
tttaaaggtt tctatcagag cgagcgtttc ttcgctgata tcaaagacga agtgcgtgaa 360
tccttcacect ttgataagaa caaagcaaat tcccgcagcece tgaacatget ggaaatcctg 420
gacaaagatg aaaacgcggt ttccctgcac attcgtegtg gtgactatct gcagccgaaa 480
cactgggcta ctaccggttc cgtgtgccag ctgeccgtatt accagaatgce tatcgcggaa 540
atgtccegte gtgttgectag cccatcttac tatatcttet ccgacgatat cgegtgggtt 600
aaagaaaatc tgccactgca gaatgcggtt tatattgact ggaacactga tgaagactcc 660
tggcaggata tgatgctgat gtctcattgc aaacatcaca tcatttgtaa cagcacgttt 720
tecttggtggg gtgcctgget gaaccctaat atggataaga ctgttattgt gceccgagecegt 780
tggttccage actccgaagce accggatatc tacccgactg gttggatcaa agtgccggta 840
tcctaa 846
Claims

Use of a nucleic acid construct, or a bacterial production strain comprising said nucleic acid construct, comprising
an isolated nucleic acid encoding a lactose-utilizing a.(1,2) fucosyltransferase enzyme, said nucleic acid being
operably linked to one or more heterologous control sequences that direct the production of the enzyme in said
bacterial production strain, wherein the amino acid sequence of said enzyme encoded by said nucleic acid comprises
at least 10% and less than 40% identity to SEQ ID NO: 2.

The use of claim 1, wherein said nucleic acid encodes a WbIA, FutD, FutN, WbgN, or Bft3/WcfB protein.

The use of claim 1 or 2, wherein said heterologous control sequence comprises a bacterial promoter and operator,
a bacterial ribosome binding site, a bacterial transcriptional terminator, or a plasmid selectable marker.

The use of any one of claims 1 to 3, wherein said production strain comprises Eschericia coli K12.

The use of any one of claims 1 to 3, wherein said production strain is a member of the Bacillus, Pantoea, Lactobacillus,
Lactococcus, Streptococcus, Proprionibacterium, Enterococcus, Bifidobacterium, Sporolactobacillus, Micromomo-
spora, Micrococcus, Rhodococcus, or Pseudomonas genus.

The use of any one of claims 1 to 3, wherein said production strain is selected from the group consisting of Bacillus
licheniformis, Bacillus subtilis, Bacillus coagulans, Bacillus thermophilus, Bacillus laterosporus, Bacillus megaterium,
Bacillus mycoides, Bacillus pumilus, Bacillus lentus, Bacillus cereus, and Bacillus circulans, Erwinia herbicola (Pan-
toea agglomerans), Citrobacter freundii, Pantoea citrea, Pectobacterium carotovorum, Xanthomonas campestris
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
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Lactobacillus acidophilus, Lactobacillus salivarius, Lactobacillus plantarum, Lactobacillus helveticus, Lactobacillus
delbrueckii, Lactobacillus rhamnosus, Lactobacillus bulgaricus, Lactobacillus crispatus, Lactobacillus gasseri, Lacto-
bacillus casei, Lactobacillus reuteri, Lactobacillus jensenii, Lactococcus lactis, Streptococcus thermophiles, Prop-
rionibacterium freudenreichii, Enterococcus faecium, Enterococcus thermophiles), Bifidobacterium longum, Bifido-
bacterium infantis, Bifidobacterium bifidum, Pseudomonas fluorescens and Pseudomonas aeruginosa.

The use of any one of claims 1 to 6, wherein the amino acid sequence of said enzyme encoded by said nucleic acid
comprises at least 25% and less than 40% identity to SEQ ID NO:2.

The use of any one of claims 1 to 7, wherein said nucleic acid encodes a protein selected from the group consisting
of Vibrio cholera O22 WbIA, Helicobacter bilis ATCC 437879 FutD, Bacteroides vulgatus ATCC 8482 glycosyl
transferase family protein (FutN), Escherichia coliO55:H7 (str. CB9615) fucosyltransferase (WbgN), and Bacteroides
fragilis NCTC) 9343 fucosyl transferase (BfI3/WcfB).

The use of any one of claims 1 to 8, wherein said nucleic acid encodes a protein comprising an amino acid sequence
as set forth in SEQ ID NO: 3, 5, 8, 10, or 12.

The use of any one of claims 1 to 9, wherein said bacterial production strain comprises a reduced level of -
galactosidase activity, a defective colonic acid synthesis pathway, a mutation in an adenosine-5’-triphosphate

(ATP)-dependent intracellular protease, a mutation in the /acA gene, and a mutation in the thyA gene.

The use of any one of claims 1 to 10, wherein an endogenous /acZ gene and an endogenous /acl/ gene of said
bacterial production strain are deleted or functionally inactivated.

The use of any one of claims 1 to 11, wherein said bacterial production strain comprises a laclq gene promoter
immediately upstream of a /acY gene.

The use of any one of claims 1 to 12, wherein an endogenous wcadJ gene of said bacterial production strain is deleted
or functionally inactivated.

The use of any one of claims 10 to 13, wherein said mutation in said ATP-dependent intracellular protease is a
mutation in a lon gene.

The use of any one of claims 1 to 14, wherein said bacterial production strain accumulates intracellular lactose in
the presence of exogenous lactose.

The use of any one of claims 1 to 15, wherein said bacterial production strain accumulates intracellular guanosine
diphosphate (GDP)-fucose.

The use of any one of claims 1 to 16, wherein said bacterial production strain comprises the genotype AampC::Ptrchl,
A(lacl-lacZ)::FRT, P|ac|q/acY+, Awcad::FRT, thyA::Tn10, Alon:(npt3, lacZ*).

The use of any one of claims 1 to 17 to produce a fucosylated oligosaccharide in said bacterial production strain.
The use of claim 18, comprising:

culturing said bacterial production strain in the presence of lactose; and
retrieving a fucosylated oligosaccharide from said bacterium or from a culture supernatant of said bacterium.

The use of claim 19, further comprising culturing said bacterium in the presence of tryptophan and in the absence
of thymidine.

The use of any one of claims 18 to 20, wherein said fucosylated oligosaccharide comprises 2’-fucosyllactose (2’-
FL), lactodifucotetraose (LDFT), Lacto-N-fucopentaose | (LNF 1), or lacto-N-difucohexaose | (LDFH I).

The use of any one of claims 18 to 21, wherein said fucosylated oligosaccharide comprises 2’-fucosyllactose (2-FL).
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